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To the Right honourable, Francis , 
- Earl of _— Lord Ruſſel, Baron 
Ruſſel of bournhaughe , Lord Lieu- 
tenant of the County of Devon, and 
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Right Honourable, 
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ay 


lightned the minds of Men with knowledge in 
humane Arts and Sciences, and diſcovered many 
profitable Inventions unknown to former ag. 
To ſpeak of all, were a (ubject deſerving of it 
ſelf a peculiar Treatiſe. To ſpeak of thoſe that 
have reference to the Mathematicks, would re- 
quire a larger Diſcourſe than becomePthis place. 
Amongſt the reſt; and of the higheſt rank, is that 
admirable Invention of Logarithms, by the famous 
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The Epiſtle Dedicatory. 


JobnNepair,lateBaron of Marchiſton: which hath been 
further perfected by the labours of Mr. Henry 
Briggs. And although the maturity of this Inventi- 
on was prevented in them both, by their [ſeveral - 
and moſt happy changes, from this life to a berrer : 
yer they proceeded fo far, as to lay a very good 
foundation for ſundry concluſions Mathemati- 
cal. Upon which foundation chiefly, I have 
grounded this preſent Treatiſe of the DoFrine of 
Plain and Spherical Triangles ; annexing an applica- 
tion thereof, in the three principal kinds of Sail- 
ing. And howloever ( being rudely compoſed ) ir 
may ſeem unworthy the protection of one ſo emi- 
nent in place, and of ſuch ripeneſs and judgement 
inall kind of Learning : Yet I am bold to preſent 
it to your Lordſhip, in confidence of.your favour- 
able acceptance according to that noble reſpet 
you are accuſtomed to manifeſt towards all good 
endeavours. The moſt High God, and Lord of all 
things, increaſe and continue unto your Lordſhip, 


all his bleſſiags, Temporal and Eternal. 
lour Honours moſt devted, 


Richard Norwood. 
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TO THE READER. ; 
CEE RM Ow nceſſary, and of what excellent uſe the Deftrine 
61S) of Triangles i is Aſtronomy; Geography, Navi- 
F-5 gation, Fortification 3 ard other parrs of Arthire- 
- Cture, in all the kinds of PerſpeCtive, i» Dialing, 
and in the prattice of other parts of the Mathema- 
BL9 ticks : is /o much the better known unto every Man, by 
SS how much he hath been more exerciſed imrheſe Arte. 
For which cauſe there hath been for many former Ages, much time and 
diligence beſtowed by moſt induſtrious and learned Men, to reduce it to 4s 
great perfeftion as they could ;, and much hath been done to this purpoſe of 
late years. But all that hath been done theſe many handred years, 5s 
yot comparable to that which hath been effefted in our Times by the 
Honourable Lord Tohn Nepair, Bare» of Marchiſton ; who, by as In- 
vention of Logarithms, takes away thoſe Difficulties that" were in the 
praftice thereof. Which Invention hath been illuſtrated, and much 
perfefted, by the labours of Mr. Henry Briggs. Neither is Mr. Edward 
Wright to be forgotten, though his Endeavours were ſooneſt prevented. 
And theſe were the firſt that communicated their labors on this Subjett 
to the World, being Men, as of ſingular Piety and Integrity of Life, fo of 
that excellent knowledge. in the Mathematicks, as few Ages afford the 
like.Of the conſtruttion and diverſe applicstion of Logarithms,; Mr. Briggs 
hath written a Book called Arithmetica Logarithmica. And ſince again, 
began another excellent work of like nature, entituled, Trigonometria 
Britannica. 7 haze only ſeen ( in the hands of a Friezud of his ) a printed 
Copy of ſo much as he had done, namely the Tables, and ſome part of the 
Treatiſe, touching the conſtruttion of thoſe Tables : but whileſt he was in 
hand with the reſt, he departed this life, Wherefore having my ſelf ſome 
nears paſt(but eſpecially this laſt Winter )beſtowed more than ordinary pains 
in conforming the Doctrine of Triangles, to the nature of Logarithms 
now in uſe 5, and yet ſo, as the Rules might likewiſe 'be applied to natural 
Sines, Tangents and Secants, and alſo to inſtrumental Operations + and 
conſidering the preſent want of aireftions, and of oramary Tables in 
this kind, I have thought goed to publiſh theſe. If any man think it 
[honld 
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TOTHE READER. 


ſhonld be 7 birdrafce" to then who have been at the charge to print 
that which Mr. Briggs hath begun to write npon this Subjett, he may 
be pleaſed to take notice; That though we bath handle the ſame thing, 
yet it isin ſuch a different manner, that there is ſcarce any one Pro- 
poſition handled, by .«s both ;: befider, his in Latin, mine mn Engliſh : 
Ss that though his were finiſhed, according t9 his iment- and method, 
the one little or nothing prejudice. the other. I rather hope, as 
rhe caſe now ſtands, that this will further the ſale of his ;, foraſmuch 
as the Rules here delivered, may very aptly be applied to his Tables, 
and almoſt to any other, And they are ſuch ( eſpecially for Spherical 
Triangles) as I doubt not will be found more eaſfie for memory , and 
more ready for prattice, than thoſe that have been formerly uſed, If 
in ſome things you find me teo brief, or otherwiſe faulty, I hepe you 
will pardon it ;, ſo much the rather, becauſe all this Summer, whileſt 
this Wu \ was printing, I was abſent upon neceſſary occaſions, above an 
Hunared miles. And to make ſome part of amends, I ſhall ( God wil- 
ling ) be ready to give further ſatisfattion herein, by word of month, 
or . otherwiſe, to thoſe that deſire it, As touching others that are bent 
to Detraftion, and will be glad to ſnatch at every occaſion for that 
purpoſe ;, 1 could wiſh them of a better mind, and to remember, That it 
1s much eaſier ts find faults in another Mans Work, than without the 
light thereof to make the like. I have detrafted no Man , but have 
freely attributed to them whoſe Works I have uſed, that which is due 
wnto them: defiring ſo to be dealt withal, as I deal by others, It may 
haply be expetted, that I ſhould have ſhewed the application of the 
Dodrine of Triangles, in the Mathematical Arts before mention- 
ed, &c, But other neceſſary occaſions withdrawing me, 1 had rather 
leave that untouched, thin by making an imperfeFt application in every 
of them, heap together many titles, with little or no profit to the Reader, 
Tet I have been perſmwaded to annex herennto certain Problems, touching 
the three principal kinds of Sailing. Which, with the ref, I commend 
to your friendly acceptance. Farewell, 


Tower-hill, An. 1631, 
Novemb. 1. 
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PLAIN TRIANGLES. 


CHAP. L f © 


Of the Line uſedin meaſuring Plzin and Spherical Triang/es. 


qg E will not inſiſt] upon the definitions and firſt 

principles of Geometry, being largely hand 
led by many, afid wherewith £5 = means 
N ly converſant in the Mathematicks is acquaig- 
ted ; but come to thoſe things which more ig 
mediately concern the Dottrine of Triangks : 

>| nn] ' which conſidereth*in every Triangle fix things, 
namely,the three ſides, and the three angles ; and-teacheth the ana- . 
logy and proportionality of theſe ſix, in ſuch ſort, that any three of 
them being known,the other three may by the rule of proportion be 
diſcovered:But ſeeing the ſides of aSpherical Triangle are arches ofa 
Circle,and the angles both of plain andSphericalTriangles are mea- 
ſured by arches ofa Circle, therefore the proportions of all theſe 
parts 


xe right lines to the: ied have, in 
the Semidiameter of the Circle. And it is to be 
Circle is meaſured by degrees, mi- 
gree being ſuch a part of a Circle as 
he t or little, contains 360. Ade- 
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r. The right lines applied to 4 Circle are Chords, Sines, 
." T angents, 4nd Secants. 


2. A Chord is a right line 
drawn im aCircle, from one part 
of the circumference to another. 
Thus C F is the Chord of the 
arches CEF,and CK F,alfoB H 
the diameter, is the Chord of the 
ſemicircles BE H,and B K H. 

3. The right Sine of an arch, 
5s balf the Chord of Wc that arch, 
AsC G being hall the Chord , 

. C Fis theright Sine of the "arch 
| WA CE, alſo of thearchCB K: 
| | which arch CE is the half of 
10597: 1 : CEF. 
"Whenee firſt it is manifeſt, that the right Sine of an arch leſs than 
a Quadrant, ivalfo the right Sine of an arch as much greater than a 
rant: for as the arch C E isleſs than a Quadrant by the arch 
> BC, foth&arch'C K'doth-as much excecd a Quattrant,C G being 
- » %eright Sine to them both, of So 
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_ Chap. 1. Trigonometry. 
So that y the ſine complement of an arch is oy br 
complement of a leſſer arch unto a quadrant. As the cc t of 4 
the leſſer arch CE, unto a quadrant,is the archC B, the le whereof, þ 
is CL,wherefore C Lis properly ſaidto be the ſine of the comple- on (5: Jt | 


ment of thearch CE. $553 ; 
Secondly,that the right ſine of any arch,is a line falling from one 


end of that arch perpendicularly upon the diameter drawn/to the 
other end of that arch. As CG, is perpendicular roKE. 

Thirdly, that the right ſine of the ——_—_ of an arch, is 
equabto that part of the diameter, which lieth between the right 
fine of that arch and the center. As C L, the ſine of the complement 
of CE, is equal to A G. X 

4. The verſed fine of an arch, is that part of the Diameter which 
7 between the right ſine of that arch, and the circumference. Thus 

E is the verſed ſine of thearch CE: and GK the verſed fine of 
the arch CBK. he 

5- If unto ontend of an arch there be drawn a diameter, and to the 
other end 4 right line from the center cutting the circle ; and if from 
the end of the diameter be raiſed 4 perpendgenlar till it concur 'with the 
line cutting the circle, that perpendicular is the tangent of that arch, 
As D E isthe tangent of the arch C E. 

6. The foreſaid right line cutting the circle, 13 the ſecant of that arch] 
Thus A D is the fecant of the arch CE. 
. 7. Now to define or expreſs in numbers, the ty that theſe right 
lines have in reſpett of the ſemidiameter of the Fete, is the pa Ak 
01s of the tables -4 natural ſines, tangents and ſecants. 

hus ſuppo ing the ſemidiameter of the circleA Eto be 1000000 
parts,and the archC E to be zo degrees, the right fine of that arch 
CG will be 500000 parts, the tangent E D 577350 parts, and the 
ſecant A D 1154701 ſuch parts. The quantities of verſed (ines, 
and of the chords of arches,are not uſually expreſſed in the Tables; 
becauſe they are eaſily found by the right ſines: As the yerſed ſine of 
the arch CE, namely G Epis found by ſubſtrating the ſine coms 
plement of C E, namely A G from the ſemidiameter A E : alſo the 
verſed fine of thearch K BC,is found by adding the ſame A G,to the 
ſemidiameter A K. Allo the chord of the archCE Framely EF, 
is found by doubling the ſine \ half that arcþ, gamely,bydoubling 
CG. 


OO OD T_T 


Trixonoweiry. - BogkT, 
G. So that in the tables, there are only paths right Sines 

ents; a6d Sceantsofeveryarch ofa circle.not exceeding a qua- 
me." h how rofind is largely ſhewed by. Lansbergins, Pers- 
ſts MF; Henry Briggs, ( which | haye not yet read ) and by others, 
therefore we pals over that. And intending to ſhew the reſolution of 
plain and ſpherical triangles, after a more calie and compendiqus 
way, by Logarichms lacely invented by the Honoprable Lord Fohn 
Nepair, Baron of Marebiſtonyand ſince further perfetted by the hate 
Farned"Mathematician Mr. Henry Briggs. both of ever worthy me. 
mory { we-come in the next place to peak ſomething of the nature 
and affettions of thoſe numbers, wherein | ſhall ( as occaſion requi- 
reth ) follow Mr. Briggs in his Arithmetic Logarithmica. 
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CHAP. I. 
Qf the pature and afettions of Logarithms. 


Ogarithms are numbegs, ſo fitted to proportional mmbers that 
L thew ſelves retain equal differences : : 

As let there bea rank of numbers how many ſoever in 
continual proportion, namely, 1. 2, 


ws — -x14+ 8. 16. 32. 64+. 128. 256. and 
| un. 11-OB LogLog let there be as ping other oo 
0, 20. 


bers inany progreſſon arithmeti. 


I O 
Cal;as 3+5. 7. 9. Hl. 13. 15% 177.19. 
- : ; 3] hen forafmuch as theſe laterare 
a 5 om equi different ( for every one dif: 
8, 3 9 'fers from his next by 2 ) therefore 
16 4 11 3?21theyarelogarithms to the former, 
32 5 13 tFjeach to his correſpondent. As 3 
64 6s . 15, 2T%|being the Logarithm of i, ard x 
128 - 17) 21 of 2 ::4-is the Logarithm of4, and 
/ ©. 256 8 19' . 24/g.of 8:and the like is to be unders 


; ſtood of the reſt. 
So likewiſe 0.1.2-3-4.5- 6-7.3-are Logarithms tothe Tame nifm- 
bers, and fo are 0-3. 6. 9+ 42. 15- 18. 21 24. And fo _ 
| | | others 


Chap, IT.  Trigonnmitry. 3 
others migh#be freak, obſerving | ——_— hike 
oportion, ences of icthrtismuſt He eqgyal. .. 

And as any of theſe three rows may be togatithms to the fcſt,la 
they may be logarith.to any other numbers in continudt proportiog. 

2. If of four mumbers, oy x4 exceed the ſecond as much ts the third 
exceeds the foarth : thenthe ſum of the firſt and fourth 51 equal to the 
ſuns of the and third, and the contrary. T 

As 8, 5, 6,3, here $ exceeds 55 avmachas 6 exceeds z, therefore 
the ſum of rhe firſt and fourth, namely, of $ and 3 is equal to the 
ſom of the ſecond and third, namely,of 5 and 6.And ſog,18,15,24, 
where the ſum of the extreams'is 3 3,and ſoof the two middle ones, 


Bachetws in Diophantanrs. - 


3. If fobr numbers be proportional, the Lag avichm of the ome 
; eaves 


ſftrafted from the ſum of the Log «rithms of the ſecond and thir 
the Log arithms of the fourth. 

As if the proportion be; As 256 to 32 : ſo 64 to a fourth num. 
ber : here adding 5 and 6 the togarithms ofthe ſecond and third, 


the ſum is 11, from which ſub- abſotute - 
ſtraQting 8, the logarithm of the Numbers. Lagar ith. 
ficſt, the remainder is 3. the 10- 256 8 
parithm of the fourth proporti- 32 _; 
onal 8. | . 64 6 

For ſeeing (by ſuppoſition) the 3 —_— 
firſt number is in proportion to ; 


the ſecond, as the third is to the fourth, therefore ( by the firſtde. 
finition of this ſecond chapter ) the logarithms of the firſt and ſe- 
cond differ as much as the logarithms of the third and fourth, 
therefore( by the ſecond propoſition)the ſum of the logarithms of 
the firſt and fourth, is equal to'the ſum of the fogarithms of the 
fecond and third ; therefore if from the fam of the logarithms of 
the ſecond and third, be taken, the logarithm of the firſt, there re- 
mains the logarithm of the fourth, | 
Corollary. Hence # 5s evident, that if four numbers be tional, 
the ſlam of the Log arithms of the firſt fourth is equal T6 the ſum of 
the Logarithms of the ſecond and third. And if the ſum of the Lo» 
orgs f the Sang feb, _ [to the ſum of the Log arithmns' 
the ſecond and third, thenis the 17 proportion econd, 
the third is tothe fourth. ht __ - 
B 2 Let 


6 Trigonometry. Book I. 
| Let the proportion be - 4 - 

As: 256 8 Here theſum of the Logarithms of the firſt 
ts 320, 5 and fourth,namely, 8 3 that is 11,is equal 
ſo 6405 (6 to the ſum of the Logarithms of the ſecond 
dS z3 and third, namely, of 5-46 that is 11. 

4. If inſtead of ſubftratting the foreſaid Log aruhms of the firſt, we 
add bit complement arithmetical to any number : the total abating that 
number, is 4s much as the remainer would have beet. » 

The complement arithmetical of one numbgr to another(as here 
we take it-: ) is that, which makes that firſt” number equal to the 
other ; thus the complement arithmetical of $ to 10 is 2, becauſe $ 
and 2 are 10. And fo the complement arith. of gy, 76144 to 
20, 00000 is 10, 23856, becaule 10, 23856 and 9,76 144 added to- 
gether, are 20, 00000. | 

Now then whereas ( in theexample of the third propoſition be. 
fore going ) ſubſtrafting 8 from 11, there remained 3 ; if inſtead 
of ſubſtracting 8,we add his complement arithmetical to 10, which 
is 2, the total is 13, from which abating 19, there remains 3 as be- 
fore, aud the like is to be underſtood of any other. . 

The-reaſon is manifeſt, for whereas we ſhould have abated $ out 
of 11 we did not only not abate it, but added moreover his:com- 
plement to 10, which is 2, wherefore the total is inore than it 
ſhould be by $ and 2, that is by 10; wherefore abating 10 from 
it, we have the Logarithm deſired. 

Which rule although it be general, yet we ſhall ſeldom have oc- 
caſion to uſe any other complements, than ſuch as are complements 
of the Logarithms given,cither to 10,0p00p00,0r to 20,0p00000, 
as ſhall hereafter appear in due place. , 

And thus much of Logarithnf$ in general, whereof ( as is before 
noted there might be fitted divers kinds, but we intend to uſe 
only that kind which were framed by Mr. Henry Briggs, at the re- 
queſt of the Baron of Xarchifton ; where a cypher is made the Lo- 
garithm of Unite or 1, and an Unite with many Cyphers the Lo. 
garithm ofYo, and rhe reſt fitted accordingly : theſe beings the 
beſt kind, and the ground of all the beſt Tables of Logarithms his 

gherto put forth by any. 

Ad of this kiad are the Tables to this Book annexed,which want. 
0g 
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ing leaſure to calculate my ſelf, 1 conferred together ſuch as were 
formerly excant, ard out of them have drawn theſe. Ir is true, that 
the fi-ſt of theſe differs in form from all others, but | have ordered 
it thus, eſteeming it moſt convenient and ready for ordinary uſe. Tae 
later ſheweth the Logarithms of abſolute numbers from 1 to 10002, 
and may be uſed for numbers far greater ; the fir ſheweth the 
Logarichms of the Sines and Tangents of every degree and migute 
of the Quadrant, and alſo the Complements Arithmertical of the 
Logarithm of every Sine, which may ſerve as a Table of Secants. 
Which Logarithms of abſolate numbers, Sines and Fangents, we 
may call Logarithmetical numbers, Sines and Tangets, or ( with 
their ficſt Inventour ) Artificial Sines and Tangears, as being uſed 
for aad inſtead of thenatural., And thus if you. enter the later of 
theſe Tables with any abſolute number, you find againſt it bis Lo- | 
garithm, if you enter the fi-# with any aumber of degrees and mis- 
nutes,you find agaiaſt it hisartifcialSine &Tangent,each under his 
proper title. As entring the Table with an arch of.z30 degrees 00mi- 
nures, I find the artificial Sine thereto anſwering to be 9g, 6989700, 
and the tangent 9, 761 4394, Which are the Logarithms of the na- 
tural ſine 500000, andoof. the natural tangent, 555350. And con- 
tratiwiſe a Logarithm. being given, you may find the arch therets 
anſwering. 

Of artificiak fecaats. we make little uſe, but if you deſire the arti- 
ficial ſecant of an arch, ſubſtraCt the artificial ſine of the complement 
of that arch. from twice. radius, or” 20, 0000000, the remainer is 
the ſecant required. As if I deſire the ſecant of 22deg. 39'* 1 fiad 
the ſine of his complement to be 9,945 2480, which ſubſtracted from 
20, 000Q090,there remains 10,03475 20,the ſecant of 22 deg, 375 
the reaſon whereof is evident by theCorollary of the firkTheoreme 
of Variety. hereafter following, Chap. 4. inſtead of theſe ſecaats we 
have ſet in the two laſt columns of the ſecond Table the comple. 
ments arithmeticalof the ſines,to every of which if you add radius 
Or 19, 0200090, they become ſecants : theſe being more neceſſary 
thanthe (ecants,and by which the ſecant of any arch is moſt readi- 
ly found 3 for if the ſine of an arch be in the firſt columa, his. ſe- 
cant is in the laſt, ( adding as aforeſaid radiv$) ifthe fine bs in the 
fecoad the ſecant is in the laſt but one. As if lwould have the ſecant 

of 


8 Trigonometey. 'BookT, 
of 22 deg. 35'the fine thereof is in the firſt:cokhimn,therefore 1 oak 
for the ſecants in the laſt, where | fad 037520, to which adding 
10,0000000 01D, It is 10, .0347 520, The {ecant of 22. deg. 37". 

| 5: Of the Charatttr of Log wvithms. 

The Chara@er or CharaCteriſtical note of every Logarithm in 
theſe tables is the firſt figure" or figures towards the left hand, di- 
ſtinguiſhed from the relt by a Comma : and it ſheweth of how 
many places above the place of unites, the abſolute number to 
that logarithm belonging doth conſiſt. And thus the charater of 
the logarithms of every aumber leſs than 10 is ©, but the character 
of the logarithm of 10 is 1,and foof all other numbers to 100 : but 
the charaQter of the logarithm of 1001s 2,and foof the reſt to 1000 
and the charaQter of the logarithm af 2000 is 3 and fo of the reſt to 
| 10000; and ſo forward. Wherefore, by the charaCter of a loga- - 

rithm you may kaow of how many places the abſolute number 
a— to that fogarichm doth confilt. 4 > 

6. To fond readily the complement arithmetical of a logarithm. 

The —— arithmetical of a logarithm( as Tis moſt uſually 
taken ) is the reſidue of that lpgarithm unto ro, ooooo0. As the 
complement arithmetical of 4, 1079054 is that which makes it 
up 10, 0000000: if therefore +7, 1079054 be ſubſtrate from 
10. 002000 the remainer is his complement arithmerical. 

But to ſubſtraft it readily, I begin ( contrary to the ordinary 
courſe)with the firſt figure toward the left hand, and write the com- 
plement or reſidue thereof untog, and fo I do. with the reſt, ill 1 
come To the laſt figure towards the right hand, and thereof I ſet 
down the reſidue unto 10. Thos for the complement arithmetical 
of 7, r079054 | write, for 7 his reſidue untog, which is 2; for 1, 
'8; foro,g; fory, 2; forg,o; for6,93 for 5,45 and for 4, 
6; andſol bave this number 2, 8920946, which is the comple- 
ment arithmetical of 7, 1079054 unto 10, 0000000. 

So if I deſire the complement arithmetical of 9, 9652480 unto 
20, 0000000 : I write for 9, ©: for g,againo; for 6, 3 for 5,4 ; for 
2,7; for 4, F ; for 8,2; and the cypher : and ſol have 0,0347520; 
and before all putting an unite it is 10,0347520, the complement 
arithmetical required, 

The complementsar ithmetical of the artificial fines are expreſſed 
in 
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in the tables; and the complemests arithmerical of the tangents are 
the tangents of their complements; as we ſ\ball further ſhew here- 

cer. 
af 2. Tefind the Log arithm of a number that bath 4 fraition annexed, 

as alſo of a proper fr ation. I 

Reduce your number that hath a fraction annexed into an impro» 
per fraction, and ſubſtra&t the logarithm of the denominator from 
the logarithm ofthe numerator, therewainer is the Logarithm of 
the whole number and fraction propoſed. As if I deſue the logarithm 
of 134, I reduce it 1nto an iWpro- | o 

er fraction making it Y and hnds Naumerator 49 146020900 
ing the logarithm - of 40. tobe Demominaror 3-__©1477 1212 
wS0206c0,and the log of 3 133 1,1249338 
to be o, 47951212, 1 lubltraQt the | 
later from the former,the remaiutr is, 1,1 249388,which is the loga- 
rithm of 13 3, required. ©. oa 

The reaſon is,for that every fraftion ( whether proper or impro». 
per ) ſignifies ſome part. or parts of an ugite,the denominator ſhew-- 
ing into how many parts the unite is divided, and. the numerator: 
ſhewing how many of thoſe parts are by that fractien Ggnified 5 
Wherefore,as the denominator is in proportion to themumeratory,, 
ſo is 1 to the value of that fraction, therefore(by the corn. Qf 3: 
chap. 2. ) the ſum of the logarithms of the denominator- and-0t. 
the fraRion, is equal. to. the ſum of the logarithms: ok the name 
rator and of 1; but thMogaritbm of 1: being o, the logarithm ok. 
the numerator alone, is equal tothe ſum of the logarithms of the, 
denominator and of the fraction, Therefore if fromthe logacithm 
of the numerator be ſubſtracted the logarithm of the denominator, 
the remainer is the logarithm of the fraion., Thus in the foregg= 


ing exawples. ; 
. Logarubms.. 
As the Denominator 3. 0,4771212 
to the Numerator 40. 1, 6020600 
So Is I. ©, 0000000. 
to: or to 131; be. 1 ; 
And for the ſame reaſon we may in ne fnd the Jogan- 


rithm of a proper fraRion. Where it.is to be noted, that ſeeingithe - 
logarithm of the unite 3, is 0, and every proper fractionis leis ;bag 
an 
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an vnige-z therefore the Logarithm of every proper fra(ton is leſs 
than ©. As it we deſire the .ogarithih of this proper fraftion ©, [ 
fiad the logarithm of its numerator 2 to be 
©, 30103co, and of its denominator 3 to be 2, 0,3010300 
0, 4771213; and ſubſtraQtiog the later from 3- 0,4771213 
the former, there remains——0o, 1960913, 2. 0,19560913 
for the logarithm of 3 that is 0, 1960913, 
leſs than 0: which taough irMmay ſeem ſtrange to ſome, yet be- 
ing a thing well underſtood by the $kilful in Acithmetick, and of 
no great ule here, I paſs it over without further explanation. 
8. To corrett any number found in theſe Tables by the 
' art proportional. | 

I put theſe things here at the beginniog as the fitteſt place for themg 
not that I eſtcem it neccſlary for young beginners to have them all 
perſeCtly before they poke any further ; for, for ordinary occaſions 
the numbers in the Tables pay ( for the moſt part ) ſatisfie without 
correCtion by the part proportional ; «ſpecially if in plain triangles 
you reduce the meaſures ot the ſides intotheir ſmalleſt parts : as if a 
fide be given in paces,you may reduce it into feet or i clas 
withia the compaſs of the-Table: ) if in poles you way reduce it in- 
to yards or feet: if in miles, you may reduce it into furlongs, poles 

Or, which is moſt eaſfie and —__—_ may reduce all me2- 

ſores into deciwal parts, as into tenthsand hundredth parts, putting 
behind the number given a cypher or two. As if a ſide of a plain tri- 
angle be 57 leagues, if we put a cypher bebtnd,it will be 570 tentts 
of a league : if two __ it will be 5790 centeſmes or hundredths 
of a league ; and ſo fOr any other meaſures. And the queſtion being 
wrought, the anſwer will come forth in the like parts, which are 
eaſily reduced again to integers with their parts. 

As ſuppoſe the (ide of a plain triangle given be 57 leagues, and 
we deſire. to find one of the other ſides to the hundredth part of a 
league : I put behind it two cyphers, and fo it becomes 5500, and 
working as you ſhall hereafter be direCted, admit there come forth 
for the tide required - 34/75, then I ſay, that the fide required is 
3475 centeſges or huadredth parts of a league, that is 34 2.4 
v_ or 34 lcagues and 75 centeſmes of a league. 

there be a fraftion annexed to your number piven.As if you 
would reduce 71 leagues to centeſmes,1 put behind57two piers 

Nat 
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( that is, I multiplyitby 100 ) and ſo it becomes 500: alſol put be. 

* hind the numerator of the Fraction, namely, behind 1,4wo Cyphers, 
and ſo it becomes 100, which divided by the denominator 3, the quo- 
tient is 33 ( omitting the Fraction ) which added to 5700, tte ſum is 
$733: And ſomuchis 57 } leagues in centeſmes of a league. If you 
would have it only in tenths, you put behind the whole number, and 
likewiſe behind the numerator of the Frattion, only one Cypher, and 
in all things elſe do as before : which being eaſie and common, [ 
forbear to be large therein, 

But when more exaCtneſs is required, you may attain to it by the 
part proportional, after the ſerm of theſe examples following. 

Example 1. ; 

Let there be required the abſolute number anſwering to this Loga 
rithm 1, 9369826. Looking for this Logarithm in the Chiliads, [ 
find not the ſame, bur the neareſt leſs than it is, 1,9 344984, againſt 
which Ifind 86, which you may corre@t by the part proportional, 
thus. I change the CharaRer given, _ it to be 3, and ſo it be- 
comes 3,9369826, for this | look in the Chiliads, but not findin 
the ſame, I find the neareſt leſs than it to be 3,9369659, and apainſt 
it this abſolute number $649 ; whence it appears, that the number 
anſwering to the Logarithm propoſed, is 86 2, z and ſomething . 
more. ; 

But if you deſire more exaQtneſs, as to correCt it two places far. 
ther; ſubſtract 3,9369659, the _ | 
leſſer Logarithm from 3,9370161, the 3-9369326 J differ 167 
neareſt greater, noting the difference 3.9369659 2 *_- - 
which is here 50z: Alſo ſubſtraſt the 3.9350161 f fer. 502 
leſler 3,9369659, out of the Logarithm | 

ven 3,9369826, noting the difference which is here 167. Then 
ay by the Rule of proportion, 8 
As the greater difference 502,is to the leſſer 176: 

SO Is 100 tO 33 ( and fomewhat more, which we omit ) which put 
behind £649 towards the right hand, ſhews the number required £0 
be 8639433+ and ſo isit verified to 6 places. 

; Example 2. 

Let there be required the abſolute number anſwering to this Lo= 
garithm 5,9369826, | 

Becauſe the CharaQter or CharaCteriſtick is here 5, therefore the 

GC ablolute. 
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abſolute number anſwering to this Logarithm, muſt conſiſt of ſix pla- 
ces: whereas the abſolute numbers in theſe Chilzads, conſiſt bur of - 
four places : therefore changing the Charatter to 3, 1 look for 
3>9369326, and find the neareſt in the Table leſs than it to be 

39369659, differing from it 169, and 
3 29369826 T differ. 167 againſt ir I find the abſolute number 
3493696597 . 8549 , which 1 note : and the neareſt 
359379016 i $4 er. FOZ greater than the Logarithm given is 

39370 161,differing from his next before 
found 502 therefore, | ſay, by the Rule of proportion, 

As tne greater difference 502, .is to the leſſer 167 : 

So is 100 to 33, Which. put behind 8649 towards the right hand, 
ſhews the number anſwering to the Logarithm given to be B649 33 : 
and ſo may you find any number not exceeding fix places, anſwering 
to any Logarithm propoſed. . 

If in either of theſe Examples you deſire it but to five places, then 
for the third Number in the Rule of proportion ( which is here 100) 
put 10, and ſo the Quotient will come out in one Figure, which 
put towards the right hand as before. 

Example 3. 

Let it be required to jfiad, the Logarithm anſwering to this abſ 
lute Number 8649 33- 

I find in the Ch#/:ads the Logarithm of the firſt four Figures 
$649, to be 3, 936659, and becauſe the Number given conſiſts of 
6 places,the CharaCteriſtick mbſt be 5, therefore 5,9369659, is the 
Logarithm of 864900. But to find the part proportional to be ad. 
ded to this Logarithm for the 3.3 remaining : 1 ſubſtraRt the Loga- 
rithm of 8649, from the Logarithm 8650, and fiad the difference to. 
be 592 : therefore, | ſay, by the Rule of proportion, 

As 100 is in proportion tO 34 : 

So is the difference 502 to 166 fere. 

Which 166 added to 5, 9369659, the ſum is 5.936g9Ba5, the 
Logarithm of the abſolute Number 864933 required : ifthe abſo- 
Inte Number conſiſt but of 5 places ; then for the firſt Number in 
the Rule of proportion ( which here is 100 ) put 10, and proceed 
as before. 

And although in theſe three Examples, we have verified but tothe 
ſixth place of the abſolute Number ;, yet might we by theſe Tables 

| proceed 
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Proceed to the ſeventh place, ſeldom erring one whole Unite z the 
Operation is after the ſame manger, ſave only inſtead of 100 uſed in 
the Rule of proportion, we put 1000, - 

And thus much touching the part proportional in the uſe of the 
firſt Table of Chiliads. Now for the lecond Table of Artificial Sines 


and Tangents. 


Example 4. 

Let there be required the arch anſwering to this Artificial Tan- 
gent g, 6197888. 

Looking in the Column of Tangents, I find not exactly the ſame, 
but che neareſt leſs than it is 9, 6197205, being the Tangent of 22 
deg. 37': therefore the arch required is 22 deg. 37',and ſome part of 
a minute more. Now if you deſire to know what part of a minute, 
namely, how many ſeconds it is more, we may find it thus, I find the 
next greater than the T _ given to be 
9,6200762, from which ſubſtrafting the 9, 6197338 Fdiffer.633 
next leſſer, namely,9,6 197205, thediffe- 9, 6197205, - ._... _ 
rence is 3557, alſo ſubſtraCting this leaſt 9, 62007625 diff. 3557 
from the Tangent given 9,6 197883 the 

difference is 683 : I ſay therefore, by the Rule of proportion, 

As the greater difference 3557, to the leſſer. 683 ; 

So is 60 ſeconds, to r1 ſeconds and ſomething more. 

Therefore the arch required, anſwering to this Tangent given 
9,6198888, is 22 deg. 37', 11” and ſome part of a ſecond more; 
but thus it is verified toa ſecond, 

And in like ſort you may deal with any other, whether it be Sine 
or Tangent. 

Ex ample 5. 

Let there be required the artificial Tangent for this arch 22 deg. 
37',11”.1 find in thetable theTangent 22 deg. 39' co be 9,6197205, 
and the Tangent of 2a deg. 38'to be 9, 6200762, the difference of 
theſe two is 3557, for one minute, or 60 ſeconds : therefore by the 
Rule of proportion, 

As 60 ſeconds to 11 ſeconds : ſo the difference 3557, to 6523 
which addedto the leſſer 9, 6197205,the ſum is9,6 197 857,the ar- 
tificial Tangent of 22 deg. 37.11”, And in like fort you may find 
the artifical Sines or Tangents of ather arches conſiſting of degrees, 
minutes, and ſeconds, 

Ci The 
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The general Rule and reaſon for all theſe Examples, may briefly 
be this. | EA, 

As the diſference of any two next Logarithms in the Tables isto 
ahy part of that difference, 

So is the difference of the twonumbers to which they belong, to 
the proportional part of that difterence; and the contrary, 

But becauſe tt:is holds truer in the latter part of the Chiliads where 
the numbers are great, than in the former ; theretore we have [hewed 
in the Examples ( as occaſion requires ) how to bring the numbers 
propoſed to the latter part of the Chiliads. And thus much touching 
the part proportional. | | 

g. If one number multiply another, the Sum of their Logarithms is equal 

to the Logarithm of their produtt, 

As ket the two numbers multiplyed together 
be 36 and 15, the product is 540. I'lay then, 36. I. 5563025 


that the ſum of the Logarithmms of 36 and 15, 15- 1. 1760913 
is equal tothe Logarithm of 540;as here you 540, 2. 7323938 
may lee. : 


The Reaſon is, for that ( by the ground of Multiplication ) As a 
Unite is in proportion to the Multiplier ; ſo is the Multiplicand.ro 
the product : therefore ( by the Coroll. of the 3 Prop. Chap. 2. )the 
ſum of the Logarithms of Unite and of the Produdtt, is equal to the 
ſum of the Logarithms of the Multiplier and Multiplicand : but the 
Logarithm of Uaite is oz therefore the Logarithm of the Product 
alone, is equal ro the ſum of the Logarithms of the Multiplier and 
Multiplicand.. 

o_ by wn fone, Cn or more numbers be multiplied 
together, the ſum of all their Logarithms is equ; 
ofthe Product of them all. y ONT EINER 

Corollary. Whence ut ts manifeſt, That the Logarithm of a n 

doubled, is the Logarithm of the ſquare of x Fo —_ : —_ 
Logarithm of a number trebled is the Logarithm of the Cure of 


the ſame number, Cc. 


Logatithins, 
4. 0.6020600 
16. 1-204 1200 


| Thus the Logarichm of 4 being doubled, is the 
Logarithm of 16, which is the ſquare of 4 z and 


being trebled, it is the Logarithmof 64, which is 64. 1. 
the Cube of 4; a9 is here to be ſeen, « *,? 5061800 


Io. If 
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10. If one number divide another , the Logarithm of the Dwviſor 
ſubſtrated from the Log arithm of the D:vidend, leaves the Loga- 

rithm of the Quecttent. _ 
Logarithms, 

As et 540 be divided by 36,the quotient will $49.2. 732 3938 
be 15. 1 ſay then, if the Logarithm of 36, be ſub- 35. "t.g553025 
ſfracted from the Legarithm of g40, there will re» x5. 1. 1762913 
mainthe Logarithm of 15, as is here to; be ſeen. 

For ſeeing the Quotient multiplied by the Diviſor produceth ghe 
Dividend, therefore by the laſt Prop. the ſum of the, Logarithms of 
the Quotient, and of the Diviſor, is equal to the Logarithm of the 
Dividend: if therefore from the Logarithm of the Dividend, be [yb- 
ſtrated the Logarithm of the Divifor, there-remains the"Loga- 
rithm of the Qnotienr. : Th 

And by the like Reaſon, iſthe firſt Quotient be divided by a ſecond 
Diviſor, and the ſecond Quotient by a third Diviſor, &c.the ſum of 
the Logarithms of all the Divyiſors, {ubſtrafted from the Logarithm 
of the firſt Dividend, leaves the Logarithm of the laſt Quotient. 

As if 540 bedivided by 36, the Quotient 15.15, whietragain divi- 
ded by 5, the Quotient is 3 :. I ſay then, that if the tam of che Lopa- 
rithms of the Diviſors 36 and 5, be ſubltrated from the Logarithm 
of the Dividend 540, there will remain the Logarithm of the laſt 
Quotient 3. 

Corol. Fence it is manifeſt, that the half of the -Legarithns of any 

number, 1s the Logarithn. of the ſquare root of that auribty, and 
that the third part of the: Log arithm of any; tumber, i; thiL16 a- 
rithm of the cubique root of the fame number.) ON On. 

Lozarithmy. 

Thus half the Logarithm of 64 ;,is the Logarithm 64.1:8061800 
of 8, which is the ſquare root of 64: and the third 8.0. 9040900 
part of the Logarithm of 6.4, is the Logarithm of 4; 4.0.6920600 
which is the cubique Root of 64, as by this-Example may be ſeen. 

| And thus much for a'taſte of the nature and affeftions of Loga- 
rithms, ſufficing for our preſent occaſion : he that deſires tobe fur- 
ther acquainted with the conſtruttion and diverſe applications of 
them, may read Mr. Briggs in his Arithmetica Logarithnaea. 
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CHAP. IIL 
Of the Four fundamental Axioms of the Dottrine of Plain 
Triaggles, and of the Caſes deduced from them. . 
LE MM A. 


The Three Angles of a Right lined Triangle, are equal to two right 
Angles : Euclid, Lib. 1, Prop. 32. 


T2 Angles of a Triangle are 
meaſured (as we have faid ) 
by arches of a*circle, the arch be- 
ing deſcribed on an angular point 
as on a center : thus the Arch CE. is Rs: SR 
the meaſure of the AngleatA; o A FE Hh »D L 
that look how many degrees, mi- 
nutes, ſeconds,c*ec. are in the arch CE, ſo much isthe meaſure of the 
Angle at A. In like fort, the arch FG is the meaſure of the Angle at 
B, and [H the meaſure of the Angle BDA : and theſe three arches 
CE, FG,and IH, are 18odegrees, which Is the meaſure of two right 
Angles (99 degrees being the meaſure of one right Angle) for theſe 
thee arches CE, FG, and 1H, are equal to the ſemicircle HI KL: 
FG being equalto 1K, andCE, toKL. | 

If therefore a Triangle be right angled, one of its acute Angles,is 
the complement of the other to go degrees. 

. If it be an oblique angled Triangle, yet one of his Angles ſub- 
ſtrafted from rwo right Angles- (that is, from 1380 degrees) the re- 
mainer is the ſum of the other two; or if the ſum of two of its 
Ay ſubſtrated from 180 degrees, the remainer is the third 

ngle. 


AXIOM 
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AXIOM I. 
Of right angled Triangles. 


In a plain right angled Triangle, any of the three ſides may be put 4 
Radint;; and the other ſider will be as Sines, T angents or Secants. 


Sif AD be Radius, or the ſemidiameter of the circle, or the 
whole Sine (for by theſe ſeyeral names it is called) then BD is 
the Sine of the Angle at A, and AB the Sine of the Angle at D. 

If AB be Radius ( as in the ſecond Figure ) then BD is the 
Tangent, and AD the Secant of the Angle at A. | 

If DB be Radius (as in the third Figure) then AB is the Tan- 
gent, and AD the Secant of the Angle at D- | 

And what proportion thefſide put as Radius, hath unto Radius - 
the ſame proportion haye the other ſides, unto the Sines, Tangeats, 
or Secants by them repreſented. 

As in the third Figure,look what proportion DB hath unto Radi- 
us: the ſame proportion hath AB,to the Tangent of the AngleatD, 
and the ſame hath AD to the Secant of that Angle: and the like is 
to be underſtood of the reſt. 

And from this ground are deduced theCorollaries orCaſes follow. 
ing, for the reſolution of plain right angled Triangles, by three 
things known ſeveral wayes. 

Andfor diſtinftion ſake, we call the ſide ſabtending the right Angle, 
the Hypothenuſal:and one of the ſides containipg the rightAngle, we 
call the Baſe, and the other fide the Perpendicular. As in theſe Trian- 
gles, the Hypothenuſal is marked with AD, the Baſe with AB, agd 
the perpendicular with DB:and it will not be amiſs to mark them al- 
ways ſo.The right Angle is always one of the three things given. 

In 
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In the Examples, s ſtands for ſire : r for tangent: ſe. for ſie come 
plement : tc. for tangent complement: ſee. for ſecant. 


CAST 1 
The. Angles and Baſe given, to find the Perpendicular. 


,Slet the Triangle propoſed be ADB,and let there be given the 

Baſe AB 768 paces, and the Angle at D 67 deg. 23". ( then 

the Angle at-A is alſo known, being th: complement thereof )and let 

there berequired the Perpendicular DB,then may this Perpendicu- 

lar DB be found three ſeveral ways : For, fiſt, putting AD as Radi- 
us, it followeth, that 


As Sine the Angle at the Perpendicular s.D 67 deg. 24” 9.9652480 
is in proportion to the Baſe: AB 968 paces 2.8853612 
ſo is Sine the Angle at the Baſe, " ©". A 22-379. g9g-5849685 


: I 2+ 4703297 
In proportion to the Perpendicular, DB 320 paces, 2. 50508 17 


Here ( according to the 3 Prop. Ch. 2.) I add the Logarithms of 
the ſecond and third,and from that ſumſubſtratt the Logarithm of 
the firſt, and the remainer,which'is 2,50508 17 is the Logarithm of 
the fourth : Wherefore looking in the Table for the abſolute num. 
ber anſwering thereto, I find the neareſt to be 320, which is the 
fourth number required. It is ſomething more than 320, but for bre- 
vity, and the eaſe of the Learner, I omit the Frattion, having be- 
fore ſhewed how to find it: And if (according to the Corol. of 
3 Prop. Cap 2.) inſtead of ſubſtrafting the Logarithm of the firſt, 
I add his complement Arith» . 
metical, that total abating s, D 67 deg, 23' comp. ar. 0.0347529 


Radivs is alſo 2,5o50817as AB 768 paces. 2.8853612 
before. And the workftands », A 22-37 9.5840635 
10 this manner. DB 320 paces 2.50508 17 


Thns having ſufficiently explained the operation in this firſt Ex: 
ample, we {hall be briefer in the reſt that follow, underſtanding the 
like in them alſo. 2, If 


[ 
£ 
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2.1f we make AB Radins, the proportion holds thus. 


As Radius, rad. ſ. go deg 00 are "=P 
to the baſe : - AB 768:paces- 2. 83853612 
ſo tang. the angle at the baſe #' A 22-37. ge 6197205 
to the perpendicular : DB 320 paces. 2» 5ozc817 


Here becauſe the compl. arith. of Radius (which is in the firſt place) 
is ©, therefore | ſet dowa in the firſt place only Cyphers or B 


D D D 
A "7 B A MW. 1 


3. If we makg DB Radin, then 
As tang, the angle at the perpen. £ D 67 deg. 23" co-4r. 9.56 197205 


is to the baſe : AB 768 paces, 28853612 
{d is Radius s go00 10, 
to the perpendicular, DB 320paces, 2.50508 17 


Becauſe the Arithmetical complement of a tangent to twice Rading or 


20. H0000C0O. is the tangent of his complement ( at here be 
ſhewed) therefore in the former Example we have put TS 


plement Arithmetical of tang. D. bis tangent complement, and ſo abate 
twice Radius : and the like you may p wifey when you have 4 tans 
gent in the firſt place. 
7 CASE 3». _ 

The Angles and Baſe given, to find the Hypothenuſal. 


Et there be given AB768 paces, and the angle D 67 deg. 23', 
and let there be required the Hypothenuſal AD. * 


D 1. Making 
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!. Making AD Radins. " 
he fnethe angleat the -\ 4D 67 deg. 23" c8. 47, 00347520 


is iti propottion to the Baſe {AB 768 paces. 2.8853612 
ſo is Ra fs, 5 90-00 10. * 
fo the Hypothenuſal. AD 832 paces. "2-9201132 
almoſt 83 2 paces. 
2. Making AB Radine. 
As Ridius, s go deg. 00", co. ar. ©. 
is in Proportion to the Baſe: AB 6798 paces. 2.8853612 
ſo is ſtcant the angle at the Baſe, ſec. A 22-37. 10.0347520 
to the Hypothenulſal. AD 832 paces. "2-9201132 


Haw a Secant is found by the Table following, we have before 


; 3. Making DB Rad. 
As tang. the angle at the perpen. r D 67 deg. 23' 6.4. 9.6197205 


is in proportion to the Baſe ; AB 768 paces. 2.8853612 

ſo is the fecant of the ſame angle; ſec. D 67-23 10.4 150315 

to the Hypothenuſal. AD 832 paces. 2:9201172 
CASE 35. 


The Angles with the Hypotheauſal given, to find the Baſe. 
Dat. AD $a3 pants Li Gs «23: Required AB, 


A. Radius, Js godeg, OO”, £0. 4rs Os N 
to the Hypothenuſal : AD 832 paces. 2.9201233 
ſo ſine the angle at the perpen. s« D 69-23; 9.9652480 
' to the Baſe. AB 768 paces. 2.8853713 


2. Making AB Radius. 


_ As the ſecant of the angle A, is unto the Hypothenuſal AD: fo 
ksRadius to the Baſe AB, 


3. Haking 


CASE 4 
The Baſe and Perpendicular given, to find an Angle. 
Dat. AB 768 paces, DB 320 paces. Required A or D. | 


D D » 
A B A B A B 


1. Making AB Raedias. 
As the baſe, AB 768 paces cs. a, 7.1 146388 
is in proportion to Radius; 5 godeg. oof. 10. 
ſo is the perpendicular, DB 320 paces. 2-505 1500 


to tang, the angle at the baſe.  « A22-39. 9.6197888 
2 Mating DB Radins. 

As the perpendicular, 320 PaCes. £09.” #7.4948500 

isin proportion to Radius: 53 go deg. os”. 10, 

ſo is the baſe, AB 768 paces. 2.8853612 


to tang. the angle at the perp. *D 67-23. ' 10.3802112 


And thus are theſe angles found with leſs than a minutt error, be that 
deſires exattneſs, may uſe the ways we have before ſhewed,Cap. 2. Prop.$, 
It ſhall ſuffice in the Examples of this Book, to ſet down the meaſure of 
arches and angles in degrees and minutes : ar Well for brevity, as not ta 
burthen young Beginners with all things at the firſt. 


D 2 CASE 
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CASE. $5. 
The Baſe and Perpendicular given, to find the Hypothenuſal. 


Dat, AB 768 paces, DB 320, Required MD. 
Firſt, by the fairth C aſe. 


As the perpendicular, DB 320 paces. co. 47> 7+. 4943500 
is in proportion to Radius: #1 g0-00 
ſo is the baſe, © . AP 758 paces. 2, 8853612 
to tang. the angle at the perp, « D 67 deg, 23" 10. 3802112 


Secondly, by the ſecond Caſe. 
As ſine the angle at the perpen, 4D 67 deg. 23'.co. ar. 0.03475 20 


is i9-proportion to the bale ; AB 768 paces 2.3853612 

ſo is-Radius, 5 90-00 

to the Hypotheniiſal, AD 832 paces, 2.9201132 
CASES. 


"i he Baſe and. Hypothenuſal given, to find an angle. 


Dat. AB 768 paces, AD832 PACeS, required D. 
i Mayng AD Radins. 


As the Hypothenulal AD 832 pac. co. 4r. +4, 0798767 
is in proportion to Radius : 3 go 00" 

{o is baſe, AB 768 paces. 2:8853612 
to ſine the angle atthe perpen. - 5 D67 deg. 23* 9. 9652379 


2 Making AB Radins. 
As the baſe AB, is m proportion to Radius: 


ſo is the Hypothenulal AD, to theſecant of the angle at the baſe A. 


CA5:E 7. 
The Baſe and Hypothipuſal giruen to find the perpendicular. 


Di..AB 768 paces, AD 832 paces, required DB. 
Firſt, by the ſixth Caſe, 


As the Hypothenuſal AD8;z 2 pac. co. «r. 7.0798767 
Is in proportion to Radims: . .. 590-00" 

ſo is the baſe, AB 568 paces, 2. 8853612 
to ſine the angle at the perpen. + D 67 deg. 237. 9. 9552379 


S econdly 


e _— 


Chaps: ie ' 2 
econ 
As Radius 41 & 90 deg; », C0. &7, ©; 
; in proportion to the baſe : AB A 768 Paces. 2. 8353612 
IF is tang, the angle at the baſe,” r A 22-37 9. 6497205 
to the perpendicolar ' DB 320 paces 2. 5050817 


Mc. . Brggs in bis Arithmaice Log avithiraita C. 19: but in the ſe= 
cond edit. C. 47. reſolves this Caſe more readily thus. 

Take the Logarithms of the ſum and difference of the Hypothe- 
nuſal and ſide given, half the ſum of thoſe rwo Logarithms, is the 
Logarighm of the PRIN or No required. | 


As, let 

the (ide given be pol == ſumm 2600 3. 2041200 

the Hypothenuſal 832 5 Ldifference . 64 1. $061800 
ſum Pre r— rg 

the ſide require 320. iſum - a 


Fhe difference between this Log arithm here found, 4nd that which 
was foun by the former operation, ariſeth chiefly by neg letting certass 
ſeconds in the angle D, and conſequently in the angle Az, for angle 
A is indeed 22 deg. 37" 11”, and ( ſomexphat more. 


<q od eheemay ed Trian es b6 inguithed. into 7 Ca- 
ſes; though hote re neon or. Caſes =X ow one Kal 

which is the Axiom before put. | 
The three Axioms following/are true in all phi Triangles, but 
ws evely intended for the oblique angled z which now we-come 
c 
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AXTOME' I 


In al plais Triangles, the ſides are in ſuch proportion one to 
another, as are the (ines of their oppoſite angles. 


$ in the Triangle ADE.» | As the fide AD 51 wn" proportion to "ED 
"A ſo 5 the ſine of the angle at E, to the ſine of the angle t A. And 
ſo of the veft. 
Conſt. About the Triangle ADE, deſeribe the Circle ADEC, by 
. 4 Euclid. 
Demonſt. Then are the ſides of the Triangle ADE, as ſubtendems 
or chords in the Circle ADEC. So that as the chord of the arch AD 
65 $11 proportion to the chordof the arch ED; ſo ts the. ſide of the Tri 
angle AD, tothe fide ED ;, (andthe like 3s to be underſtood of AE) Bur 
the half chards are ſines of half the arches ſubtended by thoſe chords \, and 
as the Whole is to the whole, ſo fs the half to the half : Therefore as the 
fine of half the arch AD, 6s in proportion to the ſine of half the 
arch ED: ſo is the fide AD, . 
te the fide ED. But balf the 
arch AD, 5: the meaſwe of 
the anole t E;, and half the 
arch ED is the meaſure of the 
angle ut A (by 2. 4. Evctid.: 
thertfore > AroHhit "June of the An- 
gle at E, is5in proportion to the 
fine of the angle mr A;, ſo 41 the” 
fide AD 10 tht fids' ED. And 
the like is to be underſtood of 
the fide AE, and his oppoſite an- 
gleat D. Therefore in all plain 
Triangles, GC. which was to 
be proved. 
And ſeting as the ſine of E to the ſmeof A: ſos AD wo ED, 
therefore MG jahirnarcl ( by 16, 5. Euclid.) As the ſme of the an- 


gle at E., us in proportion to AD, ſos the ſine of the angle at Aro the 
ſide ED, &c. Therefore, 


CASE 
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Chap. IT. 
CASE % 
The anzles of a Triangle with one of the ſides being given, to 
nd any of the other two fides.: 
Et there be given the angle » 
L at A; 22 degrees 35", and ar Vs ad 
the angle at EF 53 degrees o8'. 
and the ſide AD 780 paces. 
And let there be required the 
fide ED. Then by y Axiom | 
As the ſine ofan a N Ph deg. 08". co. ar. 0.0968917 
is to his oppoſite ſide given: AD 780, paces. 2.3920946 
ſois the ſine of another angle,” '#A 22-35 95849635 


to his oppoſite (ide required. I” D375 pies fere.” "0 2.5739548 
Here it is not full 375 paces, but four «ncbes, but 375 11 the 
member in the T able neareſt poder to the Log arichm 739 548 wih- 
out 4 fraftion , and I would not trouble" Beginners wth fl «44 foſt, 
having ſpoken ſufficiently of them, Cap. 2, See. 7; and $,. |. 
\Y'A1l 


CASE 9 


Two fides being giver with an anpk oppoſite to one of. chem: : 
to find an anglepofe to to the other of them. 


Dat: AD 730, ED 3798, the angle at E 53 deg. oP. TID (ED 
Required the angle at As | OD? 1, 
As one of the ſides given, AD 780par. c-4. 7:1079054 
to the ſine of his oppoſite ang given, 3K 53 deg. oF. 9.903108z 
{o is the ather ſide given, | - ED 375 parts.) | | 2:5940348 
to the ſinevf his oppoſite angle req, A 22 deg. 39 938504 


In the uſe of this laſt Caſe, the angle oppoſicd to the. reſt ſole 
requured, 5t will be ſometimes dowbtful whether it be acute or ovrnie - 
"n the Triangle ADE, 4nthe ſcheme of the ſecond Ain, 
As ED 375 parts," to5 N22 deg. 7 
So 'o AE 945 parts, ro$ D 104 deg. 15'. 


PY 
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And inthe Triangle AEC. 

As EC 375 parts, tos FAC, 22 geg- 39) 

fo AE g45 parts, tos C, 75 deg. 45 
In. exther of "which the operation is one and the ſame, and the fie” 
Found all one, though the anglein the one exceed & quadrant by 14 deg. 
I5', and in the other comes as much ſhort : Becauſe every fine of an arch 
leſs than grquadrant, is alſo the ſine of the complemem of that arch ta 


180 de w this doubt cannot ſometimes be otherwiſe cleared, bus. by 
prong: tre, Sooke as exattly as yah can, 
E AXIOM UL FRF 
Is alt ptain Friangtes;-as the ſum of two ſides, is to their dif- 
ference: ſo us the. tangent of the half ſum of their two op- 
pofite” angles , tothe cy th) of the difference of either of 
then, above or under the, half ſur, 5s 
Let ADE be an. oblique Triangle, 
Conſt. Make AC and AH eacb equal ro AD, _ 
and draw DH, and parallel thereto draw EG; _ 
and draw « line from C to Dy. extending $t to G. 
Demonſt. Ard foraſmauch as AH #, equal to 
AD. therefore (by 5-1.Euclid. che.angle AHD is + 
equal to ADH, and by the like reaſofl "the angle £43 
ACD, # equal ro ADC, therefore tho whole angle : 
HDC 3s equal to both theſe angles CHD and HCD; 
therefore ( by the cbrr.. 3.4, 3+ Euclid, .) gbe"angle 
HDC 5s 4 right angle. And foraſmich as EG is 
parallel to HD,therefare (by 294.1, Euclid.) the at- 
le EGC 3s alſo a right angle: for it 5s equal to 
HDC, and ( bythe ſame) the angle CEG 15 equal 
to CHD,and EDH ro DEG-Bur (by 32; 1.Euchd.) 
the outward angle AHD 5: equal tothe two inward © 
ovigles HED and EDH, bus ADH commonto both ;, 
then theſe two _ AHD and, ADH, are equal 
"1o'theſt eyo AED: and ADE; therefore either of 
"theſe two angler AUD and ADH 55 balf the ſum 
of thoſe two angles AED avd ADE, therefore al- 
fo the angly CEG 3s half the fums of the ſame an- 
gle: AED and ADE, | Com. 
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Now if to one of the ſides of 4 triangle there be drawn a parallel, it 
divides the other ſides proportvonally ( by 2. 6. Euclid.) therefore as CH 
15 in proportion to HE, ſo s CD ro DG: therefore alſo compoſed ( by 
18. 5. Euclid.) As CE to HE, ſos CGro DG: that 55, 

As CE the ſum of the ſides AE and AD, 

1s in proportion to HE their difference : 

ſois CG the tangent of balf the ſum of the angles AED and ADE, 

to DG the tangent of the angle DEG ,besng that which the angle AED 
comes ſhort of the half ſum : as ADE is the exceſs of the angle ADE, 
above the half ſum. ; 

Therefore in all plan triangles, as the ſum of two ſides, 15 to their dif- 
ference \, ſo, &Cc. which was to be proved. 

Therefore in any plain oblique triangle : 


CASE 1. 


Two ſides, with thezr contained angle beins given: to find the 
other angles. 


AD 156 pac.  differ.z 3 
A22 deg. 37". 

Requ. 1D or E ; which together 
are 157 deg. 23', being the com- 
plement of the angle A to 180 
deg. 00", bythe firſt Lemma. 


AE 189 pac.y ſum 345 
Dat. g 


_——_ 


. 

As the ſum of the ſides given; (AE+—AD) 3.45 parts. c.4. 7.4621810 
- in propor.to their SA} 33 1.5185139 
0 is the tang, of the half ſum j 
of their __ oppoſite angles; F* z (E+-D) 78 deg.41's 10. 6990331 
to the tangent of an angle ef 25—33% 9.6797280 
Which added to the halfſum, makes D ; 

the greater of the angles required. ; MT: M 
Or ſubſtrated leaves the leſler E $53—08 


E 
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Here (AE-+ AD) ſignifies AE more AD, or the ſum of them ad< 
ded together (AE-—AD) AE leis AD, or the remainer of 
AE when AD is ſubſtratted : 2 1 E+-D the tangent of half the 
ſum of the angles E and D. 


The angle found, we mark with F only for diſtinftion ſake ; and the 
like is to be underſtood when we meet with the like notes. 


CA SE ain, 


Two ſides and their contained angle given : to find the 
third fide. 


Dat. AE 18g paces: AD 156paces: A 22 deg. 37. 
Reg. ED. 


Firſt, by the tenth Caſe. 
As the fum of the ſides given; (AE--AD) 345 par. c.4+ 7.46218 10 
is in proportion to their difference: (E—AD) 33 parts. 1.5185139 


ſo is the tangent of the half ſum 
of their two oppoſite angles ; 5 t a E--D)78.de.q1 4 10.6990331 


to the tangent of an angle: : F 25——337 9.0107280 
Which AÞſtratted from the half E . 0797 
ſum leaves the —_—_ 4 required. F3—0O 
/ 


8 Secon the eto bth Caſe. ; 
As the finer | p SE 53 deg. o8' c.4. 0.09689 1-7 
is 10 proportion to his oppoſite Ut: AD 156 paces 2.1931246 


ſoiF che line of the angle given 3. s$ A22 37  9.584968x 
to this oppoſite ſide required. ED 75 paces 


1,8749848 


| AXIOM 
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AXIOM Iv. 


| In oblique Triangles, as the true baſe is in proportion to the 
ſum of the ſides : ſo is the difference of the ſides, to' the 
alternate baſe. 


As iathe oblique Triangle ADE. 


Caſe 1, 


Admit AE tobe the true 
baſe , Conſt. Upon the point 
D, and diſtance DE, ( DE 
not exceeding DA ) deſcribe 
the :circle IEFG and produ- 
cing AD'to C, let fallthe 
perpendicular DB,. and draro 
phe tough line AG. Then +. 
DC nd 'DF, being each of 
thin-equal +6 DE 5 AC-15 
the ſum, and AF the dif- 
ference of the ſides DE and DA ;, and AE is the true baſe, and Al the 
alternate baſe. | 

1 ſay then, as the true baſe AE, is to the ſum of the ſides AC. 

So #5 the difference of the ſides AF, tothe alternate baſe Al. 

Demonſt. For ſeeing that from a "point without the circle A, there 
is drawn the line AC cutting the circle, and the line AG rouching the 
circle, therefore ( by 36. Prop. 3.Euclid. ) the reftangle fignre of AC 
and AF, 3s equal to the ſquare of AG: and by the like reaſon, the 
refFangle of AE, and Al, is equal to the ſquare of AG. Therefore 
the reltangle of AC and AF, 1 equal to the retFangle of Al and AE, 
But equal rectangles have their. ſides reciprocally proportional ( by 14 
Prop. 6. Euclid. ) Therefore as AE 5s in proportion to AC, ſois AF to 
AI. Which was to be proved. 
| 2 this Caſe might ſuffice, there ave two others, which are as fols, 
owe 


E 2 Caſe 
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Caſe 2. 

The like demonſtration ſerves AK. 
for the other two caſes in this AR 
Axiom, namely, if we let fall the \} 
perpendicular 8. E, ors - AY * NA 
AD the baſe. For then npon the Po { bo 
center E ang diſtance ED. ( ED A EF 'D 
not exceeding EA) deſcribe the Fe 


circle, &C. proceeding as before : and if you place the letters as in this 
ſecond figure, it will beagreeable to the words of the former demonſtra- 
tion: ſuppoſins AD extended to C. 

Caſe 3. 

Or if the perpendicular be let fall 
from A, making DE the baſe, then 
on the genter A, and diſtance AD 
( AD mot exceeding AE ). deſcribe 
a Circle, and fo proceed as before. 
And if you place the letter} as mn 
the obirdf, ure, it will be 4ereeable F * 
to the former demonſtration: ſuppo=.. . 
ſins AD extended to C. YT 

Incvery of theſe three triangles, WS 
AE #s the true baſe, and Al 35 the 
alternate baſe. 


| CASE mm 
Three ſides of an oblique triangle being given: to fiad an angle 


Dat. AE 13g paces, AD 156 paces, 


ED Ip paces. Required A. blo the firſt triangle. 


Firſt, ( by this fourth Axiom ) Lreſolve it into two right angled 
A Nor? thus. x 
4 tne true Date, AE 18y PAC. Co, 4r. 7.723 382 
is to the ſum of the ſides ( AD-+ED) 231 pac. 2. _ 120 
ſo is the difference of the ſides ( AD—ED)- 8x pac. 1.9084850 
to the alternate baſe Al 99 Pac. 4.9956352 


Having thus the true andalternate bafe, ſubſtraCt the leſſer from the 
greater, and in the middle of the remainer falls the perpendicular : 


( by 
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(by 3 Prop. 3.Exclia.)reſolving the oblique triangle into two right an» 
gled triangles,in either of which the hypothenuſal and baſe is known. 
As the difference of the true and alternate baſe being 90 paces, the half 
is EB 45 paces ( ſerving to find the angle at E) being the baſe mn 
the right angled triangle EBD. 
Wyich half bere ſubſtraited fromthe true baſe AE 13g paces, leaves the 
baſe in the other right angled triangle ABD, namely, AB 144 paces ; 
ſcrving to find the angle at A. 
Then in the right angled triangle ADB, having the baſe .4B 
144 paces, and the hypothcnuſal AD 156 paces, we may find the 
angle at A (by the 6 Caſe before going) thus. 


As the hypothenuſal, AD 156 parts, co. ar. #7.8068754. 
is in proportion to Radius: 5 godeg. oo. 
ſo is the baſe fouud, AB 144 parts. 2.1583625 


to the ſine of rhe complement 5 4 
of the angle at. the baſe. » nets fg 99652375 
the complement whereof 22 deg. 37' is theangle at A required. 

In like manner might be found the angle at E. | 

I: ſetting down this fourth Axiom, 1 have followed the Lord Ne» 
pair : Pitiſcus and others have it thus. 

As the greateſt ſide 1s to the ſum of the other two" ſides, ſo is the diffe- 
rence of theſe two, to 4 part of the greateſt : which taken from the great« 
eſt, the perpendicular falls in the middle of the remainer. 

As in the firſt figure before going ; as the greateſt ſide AE, is to 
the ſum of the other ſides AD and ED (that is AC:) fo is the dif-. 
fcrence of thoſc ſides AF, to a part of the greateſt Al : which taken 
from the greateſt, the remainer is IE, in the middle whereof -at B, 
falls the perpendicular. . 

Which differs little from the.former, and is demonſtrated in the 
ſame manner, . 

Now-that you may at once have a view of that which we haye be: 

* fore in this Chapter more largely handled, I have digeſted into this 
Table the things given and required in the example of eyery Caſe, 
expreſſing alſo briefly their proportion and operation; ſo that here- 
by you may be ſufficiently direCted for the reſolution of plain trian- 
g es. Thoughl would rather adviſeevery man tocommit to memo- 
ry the four Axioms beforegoing,and to ground his praCtice thereon. 

An 


An ExemplaryTable of Plain Triangles. 


— Fc". 


gles, 


Io right an- 
gied trian- 


The fide given is ated 
with AB, or if none be 
given, the {ide required | 1s 
marked with AB, placing 
B always at the right an- 
ple, and AD to the Hy- 
pothenulal, 


C) 


_ 
oh 


Or 


[ar Req. | Proportionality. | 


PPV 
AD 


| — ——  - 


4D. DI AB 


| os 


for this 
laſt. 


AB DB 


— 


DB \ka. tA AB, DB.| 


eD. Rd AB. MD 


ADB DBY -4B 


Ra. 5D. ' AD. AB. 


ST 3% = Tt 
DB. AB. Ka. t Di 
1 D. Ka. AB, AD. 
AD. AB. Ka. 5D 


LEDEES Ra. 5 D. 
} Ra. t t4 AB. DB. 


—_—— 


ſe. 


les, 
1 a with the lerrers 


ed rria 
requir 


þ 
d Ppreed in that Ca 


In obliqueer 


Mark the t).jngs given an 


here given at 


Oppoſite fides and avgl. I 
given and required. BY 


D. E. 


= 
= 
&jA 
'E > 


AM— 
. 


| p]ephe. SA. AD. ED 
A. ak ED. zE. 5 A. 


— I ys 


— — 


An An-1o longer 


AE ro E As (AE+ ab io(ak--4ab). 


ſo! (E+) tot F, 


AS! 


Two ſides & le, - [ADthe' +Fis D 
heir contein- , ſhorter.] D '» ,-+—D 1 Joffe FE 
'ed an2le gi-  \(-  \Findby the aft caſes, © 
ven; to find / the third A | ED.j|then hevieath' F.AD. 
lide. 11 fhad by the 8 Caſe E D. 
Three f1des given; tohnd (AE ba” WT AE to C(aD+ED” ED) 
an angle. AD the jo (AD —ED) wAT 
longer . | |2 differ. A E and Alis EB. 
E D the 'AE® + or EBB AB 
12 ſhorter | Then by the s6CTalc; 
fide, | As AD 0 AB: 


ſo Ra: to ſr: A. 
| or 
Az5EDo EB; 
[ſoRa: ſe: E 


Trigonometry, 
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CHAP. IV: 


ITISICUS in his Trigonometria, hath four Theorems for the 
P varying of proportions, and for the finding ont the thing re- 
quired in a plain or ſperical triangle ſeveral ways: which briefly - 
are in effect as followeth. 
The Grounds or Theorems for varying the terms of the pro» 
portians of Sines, T angents and Secans. 


| Theorem 1. 

The proportion of Radins to a'fine, tangent or ſecant; . and con- 
trariwiſe the proportion of a ſine, tangent or ſecint to Ra- 
ditus: may be waried three wayes, by the firſt Axiom of 
plain Triangles. 


For, 
As fine DB, to Radius AD}, in the firft triangle j + 
ſo Rad. DB, to ſecant AD; inthe third triangle, 99 = Ky, 
ſo tans. DB, to ſecant AD; inthe ſecond triangle. VEREE. 
gain 
As tangent DB, to Rad. AB; in the ſecond triangle, : And the ys 


ſo is Radius DB, to tang. AB ; in the third triangle, & verſe. 


ſo is ſme DB, rtoſme AB; inthe firſt triangle, 


And the like is to be underſtood of ſecants, but this may ſuffice. 
Hence then, : 
As the ſine of an arch or angle, 3s to Radins: 
ſo is Radins, 'to the ſecant compl of that arch FT the converſe} 
and ſo is the tangent of that arch, to his ſecant ; ” 
Allo 
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Allo 

As the tangent of an arch or angle, us to Rady : k 

ſois Radme, to the tangent complement thereof ; Þ And the conver. 

and ſo is the ſine thereof, to the ſinr of its compl. 
. Corollary, 

Hence it is evident, that Radius a mean proportional between the ſine of an 
arch, and the ſecant of the complement of the ſame arch: alſa between 
the tangent of an arch, and the tangent of the complement of the ſame 
arch. | 
And hence it is, that the complement arithmetical of the artificial 

fine of an arch, is the artificial ſecant of that arches complement. 

And the complement arithmetical of the artificial tangent of an 

arch, is the tangent of the complement of that arch. ( Here you 

ace tounderſtaud tze complement arithmetical to twice Radius, of 
£0 20.9000000. ) 
Ara tangent 
For ſeeing the\ ro Radius: 
proportion isf{ ſo is Raging 
0 3ts tang. compl. 
Therefore (by 3 Prop.Clap. 2.) an artificial tangent ſubſtrated 
from twice Radjus, leaves the tangent of ics compl. 
Or (hy, the-Corollary of the-3. Prop. Ch. 2.) a tangent added to 
the tangent of his compkment, isequal to twice Radius. 
&nd the like is to.he ppderſtooT of the ſine of an arch, and the ſe- 
cant of the complement thereof. ok wal | 


Theorem , 


The ſines of ſeveral arches, and the ſecants of their comple- 
ments are reciprocally proportional. That is, 


As the ſine of an arch or aig le, 
s tothe ſine of another arch or angle : 
ſou the-ſecant of the complement of that other, 
ro the ſecant of the. complement of the former. 
Demonſt. For C bythe foregoing Corollary ) Radius is the mean 
proportional between the ſine of any arch, and the ſecatit of the com- 
plement of the ſame arch, 


Therefore 
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Therefore the reftangle of any ſine, and of the ſecant of his com- 
plement, is equal to the {quare © Radius ( by 17. 6. Ewclid. ) ſo that 
all rectangles made of the (ines of arghes, and of the ſecants of their 
complements, are equal one to another, : 
But equal rectangles have their ſides reciprocally proportional 
(by 14. 6. Exclid. ) Therefore, ec, 
Theorem 3. 
The tangents of ſeveral arches, and the tangents of their com- 


plements, are reciprocally proportional. That 1s, 


As the tangent of an arch or angle, 

$5 to the tangent of another arch or angle : 

ſo ts the tangent of the complement of that other, 
to the tangent of the complement of the former. 


Demonſt. For ( by the foregoing Corollary ( Radius is the mean 
proportional between the tangent of every arch, and the taggent of 
his complement. * 

Therefore the rectangle made of any tangent, and of the tangent 
of his complement, is equal to the ſquare of Radius ( by 17.6. Eu- 
clid. fo that all rectangles made of the tangent of arches, and of 
the tangents of their complements, are equal one to another. . 

But equal rectangles, &c. as before. 


Theorem. 4. 
If four magnitudes be proportional: then alternately alſo they 
are proportional : 16 Pro. 5, Euclid. 


And thelike is to be underſtood of Numbers. 
As if z bein proportion to 4; as 9 to 124 then alſo, 
As 3 is in proportion tog; fe is 4 to 12. , 

, And hence ( whereas we haye before throughout this book com- 
pared ſides, to the fines and tangents of angles, &c. ) we. may com- 
pare ſides toſides, and angles to angles, asifi the exemplary Table 
we have done. —_ 2 {400 FRY 

And thus much touching the doftrine of Plain Triangles. 
F THE 
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DOCTRINE 


SPHERICAL TRIANGLES. 


CHAP. I 


Of circles of the Sphere, and their Interſettions ; and of the 
kinds and affefttions of Spherical Triangles in general. 


O define in this place the ſeyeral circlcs of the Sphere, 
were ſuperfluous, becauſe they are beſt onderſtocd in 
the »ſe of the Sphere or Globe, wherewith'it is requiſite 
the Reader ſhould be acquainted ( at leaſt in part )- 
before he apply himſelf tro the Dottrine of Spherical 

Triangles, T herefore-palling by theſe, we come to thoſe things 

which more immediately concern our preſent purpoſe. 


Prop. 1. The ſides of « Spherical Triangle are three arches of 


great circles, every arch being leſs than a ſemicircle. 
Therefore the arches of parallels, or other leſſer circles of the 

Sphere, are not to be taken as the ſides of a Spherical triangle. 

2, A great circle of the Sphere, is that which drvides the Sphere 
equally into two Hemiſpheres : and is every where diſtant 
from its own poles, by a quadrant, or fourth part of a great 
circle. | | 
Thus the Equinotial-is a great eircle of the Sphere, dividing it 

equally into the Northern and Southern Hemifpheres ; and it is every 

where diſtant ffom its-own- poles ( namely, from the North and 

South poles of the world ) by a quadrant, or go degrees, The like 

- jsto be underſtood of the Ecliptick, and of al} Horizons, "Meridians, 
Azimuths, and of all other great circles of the Sphere:” 

1 X <4 wen Io þ * dds ot 
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3. A ſpherical angle is meaſared by the arch of a great circle, 
deſeribed on the angular points as a center, betiveen the ſides 
being extended to quadrants. | a 
Thus in the Scheam next following, the angle ADE is not rheaſu- 

red by the arch A E,but bythe arch I B : becauſe 1 B is deſcribed on 

the apgular point D, asa center between the ſides DA and DE, 

being extended to quadrants. | 

4. Any two great circles of the Sphere, interſett ane another in 
two oppoſite points , making the angles at' thoſe points equal 
one to another and either of them 'ehual to the diſtance. of 
the poles of the ſame circle. | | 


As the Equinottial and Ecliptick interſe@t one another. in the 
points of Aries and Libra, which points are directly oppoſite one 
ro another, being diſtant a ſemicircle or 180 degrees; and the ans 
gle by them comprehended E 
at the beginning of Aries, 
is equal to that by them 
comprehended at the be- 
ginning of Zibra: and els 
ther of theſe angles is equal 
to the diſtance of their poles, 
namely, 23.deg. 3v. | 

| Thus alſo in- this Scheain 
the azimuth G LKiaterſetts 
the meridian G CK in the 
oppdſite points G andK( that 
is in the Zenith and Nadir ) 
the angle of their interſefti- 
on at G, being equal to 
that at Ky either of which 
angles is meaſured by the 


arch of the: Horizon CL, which is equal to E D, the diſtance@gf 
the poles of the ſame circles. ' 
- Carol. : Thirefore if a great circle of the Sphere paſs by the 
poles of another preat circle,it divides the ſame at right angles; 
and the converſe, 


F 2 5: Every 


# 


5. Every ſpherical triangle bath "oppoſite to each angular point © 

another 2 wer having the pb with the former, and | 
the angle oppoſite thereto equal, the other parts of it are the 
complements of 'the ſeveral parts of the former to a ſemi- 
circle, 


Let ADE be aſpherical triangle, and extend the ſides thereof 
D Aand-DE, till they concur at H, alſo ADandA E, till they 
concur at. G ; and laſtly, EA and E D,- till they concur at F. 
Then are: the arches DA-H, DEH, AEG, ADG,EDF, and 
E AF, ſemicircles( by the fourth Propoſition. ) And thus to each an- 

ular point of the triangle A DE, there is oppoſite another triangle 
aving the fame baſe with the former, &c. As to the angular point 
E, there is oppoſite the triangle AFD; whoſe aogle at F is equal 
to theangle atE, and the baſe AD - 

is common to both triangles ; and 
the ſides F A and FD, are the com- 
plements ofthe ſides A E and DE; 
and the angles F A D aud FDA, 
are. the complements of the angles 
EADand EDA namely, their . 
complements. to a ſemicircle, or to | 
1 Jo degrees. 

The like might be faid of the tri. 
avple D'G E, which is oppoſite to 
r point A; and of the tri- 


» Which- is oppoſite to 
int D. Sothat any three things being given in the tri- , 
g E, there are the like given in every of theſe triangles. 
Note If therefore the le to be reſolved be obtuſe angled, or 
have two of __— ether of them greater than a quadrant: though 
yay might find out the thing required in that, yet it will be more con- 
yenient to reſolye one of the leaſt of the three _ oppolite to 
bis ar points. As if a queſtion were, propoſed in the triangle 
AD E, itmay more conveniently be wrought in the triangle AFD. 


6.If 


-* 
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6. If three great circles make by their interſeitTions « ſphert- 
cal triangle ; and if the poles of thoſe circles be the angular 
points of another ſpherical triangle: the angles of the firſt 
triangle ſhall be equal to the ſides of the ſecond, and the ſoaes 

| of the firſt, to the angles of the ſecond. If only inſtead of 

| the greateſt ſide, or greateſt angfe, you take the comple- 

ment thereof to a ſemicucle., 


” 

This isapparent by the fourth Propoſition of this Cha;re-;and both 
this, and the lattey part of that may be further maniſc{ted thus. 

Let AD be an arch of the EquinoCtial, A E an arch of the Eclip- 
tick,E Dan arch of the Hoiizon, making the triangle AD E ; and 
let G be the pole of the Horizon, F the pole of the Equinoctial, and 
Hthe pole of the Ecliptick. Then on the point A asa center, and at 
the diſtance of a quadrant or go degrees A M or AN, deſcribe the 
arch M N which ( by the taird Propoſition) is the meaſure of the 
angle at A, and in like fort 
OC, the meaſure of the 
angle at D, and Þ L, the 

aſure of the complement 
of the greateſt angle AED 
to a ſemicircle. And for- 
aſmuch as the@ch M N is 

diſtant from A 93 degrees, 
and the poles of the arches 
AD and AE, namely, F 
; and H, are alſo ( by the ſe- 
: cond Propoſiton ) diſtant 
| from the {ame point A go 
degrees; therefore the arch 
M N being produced , will 
paſs by the poles Hand F. 
And for the like reaſon, the 


arch O C, will paſs by the poles Fand G. And Þ 
and G, ſo making the triangle GHF. 1 @ Twayh hat Fredoar go 
triangle G HF, are equal to the angles of the triangle A E D. 

For the quadrant F N is equal tothe quadrant MN H, and taking 
away 
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way N H, which is common 'to them both, there remains the ſide 
FH, \equaltoM N; which arch M N is the mealure of the angle at 
A. And by the like reaſon GF isequal to CO, the mealure of the 
angle at D, and G H is equalto LP, the meaſure of the complement 
of the greateſt angle A E D to the two right angles. And in like ſort 
we may prove that the ſide & E, is equal to*M P, the meaſure of the 

angle at H; and E D equalto L C, the meaſure of the angle at G ; 

and A D equal to N O,the meaſure of the complement of the greateſt 

angle GF H to 180 degrees, Therefore, If three preat circles make 

by their interſetions 4 triangle, &c, which was to be proyeds 


Corollary. 


Hence it is evident, that the angles of a ſpherical triangle, 
may be thanged into ſides, and the ſides into angles. 


7. The three augles of every ſpherical triangle, are greater than 
two right angles. | 

' Thedemonſtration hereof you may ſee in Regiomontanus, Pitiſcus, 
Snellins, and others. 

8. If « ſpherical txzangle have one or more right angles, it is 
called a right angled ſpherical triangle. 


9. If « ſpherical triangle have one or more of his fides qua- 
rants, it is called a quadraxtal triangle. . 


10. If it have neither right angle, nor any ſide a quadrant, it 
ts calted an oblique ſpherical triangle. 


11. If 4ſpherical triangle be both right angled, and quadrax- 
tal, the ſides thereof are equal to the oppoſite angles. 


For if it have three right angles,the three ſides of it are quadrants; 
if it have tworight angles, the two ſides ſubtending them are qua- 
drants, and the contrary ; If it have one right angle, and one ſide a 
quadrant, it hath two right angles, and two quadrantal ſides: all 
which is evident by the Corollary of the fourth Propoſition. But 
if two ſides be quadrants,the third meaſureth.their contained angle 
by the third Propoſition, Therefore for the ſolution of theſe kinds 
of triangles, there needs no further Rule. | 

To theſe,we may add three Propoſitions ſet down by the Baron of 
ps Mer 
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Merchiſtone, .il his Book of the uſe of the admirable Table of Lo- 

garicthms : being as followeth. | 

12. Two oblique angles of 4 ſpherical triangle, are either of 
them of the ſame kind of which their oppoſite ſides are. 
Therefore knowing of what kind the one is, itappeare thalſo of 

what kind the other 1s. 4 Tn 

12. If any angle of a triangle be nearer to 4 quaarant than hs 
org oy ſides of that triangle-ſball be of one Kind, 
and the third leſs than a quadrant. 

14. But if any ſide of 4 triangle be nearer t0 4 quadrant than 
bis oppoſite angle, two angles of that triangle ſpall be of one 
kind, and the third greater than a quadrant. 


CHAP. II. 


Of the firſt fundamental Axiom for ſpherical triangles : ayd 
of the ſolution of right angled and quadrantal triangles 
thereby. : 


ITISCUS, and others to theſe times, for the ſolution of right 
angled ſpherical triangles ( not mEdling with quadrantals) have 
delivered two Axioms , by help whereof, zwo things giyen ( beſides 
the right angle ) a third may be found.But for the moſt part,the ldes 
of the triangle mdſt be produced, that ſo there may be Ulyers trian- 
gles made by their interſeCtions,conſiſting of the parts of the firſt,6c 
of the complements of thole parts diverſly. And then it muſt be con- 
kdered, to which of all thoſe triangles one of the ſaid Axioms may 
aptly and immediately be applied, for finding the thing required, oc 
the complement thereof, But the honourable Lord Nepair, amongſt 
many excellent Propoſitions by him framed in the Doftrine. of Trian- 
gles,hath two, which-we iritend to make uſe of, as fundamental Axis 
oms for the ſolution of all the caſes of ſpherical triangles. The firſt” 
ſerving fo#the ſolution of right angled and quadrantal triangles; 
_— _—_—_— $ a0 _ _ _ ſome preparation thereunto, 
we-will ſet down ittle- alteration, anſwerable to the na-, 
ture of the LogarithmsnoWy fri oſe;” ee ; 
" , T\ ' . . , . Ir 
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It is firſt to be underſtood, that a right 
angled ſpherical triangle hathfive parts 
the right angle; which he calls 
the natural parts : as the triangle A B D, 
right angled at B, hath the fide A B, the 
angle at A, and the Hypothenuſal A D, 
the angle AD B, and the ſide D B. Three 
of thele parts which are fartheſt from 
the right angle,namelyghe angle B A D, 
the Hypothenuſal A D, and the angle 
ADB, we mark or note by their com- 
plements to a quadrant. As the angle 
B A D weaccount as the complement of the ſame angle,and ſo write 
compl. BAD; for A D compl. AD; for ADB conpl. ADB. 
But the two (ſides DB and A B, being next to the right angle, are 
not noted by their complements. And theſe parts thus noted, or ac- 
counted, he calls the five circular parts of a right angled triangle, 
&—wh 1 A B, 2 compl. B AD, 3 compl. AD, 4 compl. ADB, 
DB. | 
L Likewiſe the quadrantal triangle A D G( whoſe ſide DG is a 
uadrant ( hath five parts beſides the quadrantal ſide. Namely, the 
de AG, the angle at G, the angle G D A, the ſide AD, and the 
angle D AG, which we may call his, natural parts. But three of 
theſe parts, which are furtheſt from the quadrantal ſide, namely, the 
fide G A, and the angle G AD, and the fide A D, we account as 
the complements of the ſame parts, and ſo notethem by their com- 
plements. As complement G A, complement G AD, or D A B 
which is all one ) complement A D. The other two angles AD G 
and DG A, being next to the quadrantal ſide,are not noted by their 
complements. And theſe five parts thus noted or accounted, he calls 
the = —_ 5% ad yg upon hag. Namely, 1 comple- 
ment a2 »3 4 com t AD, 5 co ment 
D A c or DA B P »'5 complemen 
ow 0 ve parts, two are always given to find a third ; and 
of theſe three one is in the middle, _— other two are vn 
either- adjacent to that middle one, or oppoſite tp it. As-in the 
triangle A DD B, ABand A Dlyingnext to the angle DA B, are 
{aid to be adjacent extreams to A; and for the like realon, the an- 


gles 


be 2 
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les BDA-and BAD, are extreams: adjacent £0 on apparent 1 «; 
7 D.and ſnare AD;/and D3,toD ; and D and 48; tea D! and. | 
laſtly,.DB and A, to AB; for the right angle at B, is got 


amongf the five circular parts. So alſo AB and A, are ſaid to be op- 
DO Enroona to the angle ADB, becauſe neither of Geng ad- .. 
joining toit : alſo 4and AD, are oppoſite extreamsto. DB. ; AD, 
and D,to AB, Dand DB, to 4; DB and AB todAD. Lent So. 
And the like is to be underſtood inthe quadrantal Triangle DAG;.. 
namely, that the anglesat D and .z, are extreams adjacent toAD, , 
ADand 46, to A; A andG, to AG; 4G and D, toG; G and 
DA,to D, and in like manner AG and 6G are op EXtreams to 
+$AD;Gand Dto Az Dand AD, tro AG ; AD and A, toG; Aand . 
AG to D. 


I. Fundamental A XLOM. 


Of the five circular parts in a ſpherical Triangle, right angled or 
quadrantal. | 05 dies 
TX ſine of 4 middle part with Radins, 5s equal to the tangents of the 
extreams adjacent ;, or to the ſines complement of the oppoſus exy © 
teams. | | 
Underſtanding by fines and tangents, the Lactibiet fiaes ahd tan- 
gents, that. is, the Leyton GUIs natural ſines and tangents.” | | 
ar Y . $2.» 


As Radius, to the tangent of one of the extreams adjacent : ſd is the 
Tangeat of the other extream adjacent,to the ſine of the middle part: - 
And 


is ne complement the other oppoſite extream, 
middle part. 
Whe demonſtration hereof, he bath briefly ſhewed in his Book of 
the uſe of the admirable Table of the Logarithms : and we more fuls 
ly at the end of this Book. Therefore we will bere only illoftrate ix 
* by Examples, as followeth. *. 2219 201! 


In the right angled Triangle ABD; we have ſhewed befort how * 
AB 269 AUT ea cient 10 he angle at #*and thi AD; > 


as alſo the angle .A, are noted by their complements. ry + 
G is 


As Radius, to ſine complement of one of the oppalite extreams : {{ 
to the fine ofthe 


F —__ Wh Fr 
Y I» a; 4. 
2 0 ; 


fine of the complement of the angle at A, added zo 
"to the tangent of the complement of AD, ad- 


This | 
Radius, Teal 
ded to the tang 


ent AB, which we may A 


briefly expreſs thus: ſc. A + Radius == /\ 


i. AD +t AB: which is as much as to 
ſay, fine complement 4, more Radius, 


is equal to tangent complement 4D, 
more tangent AB; this pn + ſignifying 
more , or addition, this == equality, this 
— leſs, or ſubſtrattion ; as we have before Þ 3 


noted upon the third Axiom of. plain 


triangles. 

Now admit _ Then is 
AD 74 deg. 50; tc 9.43 30804,__4 70 deg.oz' 03" 5c. 9+ 5329039 
AB 51 32 34 10.0999135, Radius 10.CO00000 


19. 5329939 lg. 5329939 
Here the tangent of the complement of AP, being added to the 
tangent of AB, the ſum is 19.5329939z{0 alſo the ſine of the comple- 
ment of A, added to Radius, the total is 19. 5329939, as the other - 
and here the angle A is 70 deg. 03, 02”, 35”, but we negle&t the 
thirds. Again ( by the later part of this Axiom ) the ſine of the com- 
plement of the angle ADB, more Radius, is equal to the ſine of the 
angle at A, more the ſine of the complement of the ſide AB, which 
we expreſs thus : ſc DF Rad.==1 A -|-ſe AB; which may thus ap- 


Pear. 

Admit | Then is 

A 7odeg. 03' 03” 19.9731255__D 54 deg. 12' 58”. ſeg.q669572 

AB 51 32 00" ſe 9.79383 17 © Radius 10,0200000 
19.7669572 19.76695% 


So alſo ( by this Axiom) inthe quadrantal triangle ADG, the 
ſine of the complement of the angle ar A more Radius, is equal to 
the tangent of the complement. of AG, more the tangent of the 
complement of A.D ; which we-expreſs thus : ſc A + Rad. == ic AG 
-+ « AD which may thus appear. 


Admit 
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Admit "i 
AG 38d. 28";  10.9999135__ A 70 deg. 03* 03*R9:3320939 
AD 74 50 ic 9g.4330804”” Kad. 190200000 


_ 


mw bh Y RY? 
4 *, - i. 
" = 8". 5 
. 
= - 
, 
« % 


19-5329939 19. 
And the like is he underſtood of the reſt, as by this Table fol, 
lowing may appear. 
Or in ſtead of the ſecond , we may 
1s DB \-Rad =: AD |-s A fſay2ſc A -|- Rad= ſc DB +: D 
2 ſc D -+ Rad=ſe ABj-s A And in like fort he that liſt 
3ſcAD | Rad = ſc DB-j-ſe AB eth,may ſer down the equality of 
4/c AD |- Rad=tc D\+ic A the fines and tangegts of the 
5 ſc A-\- Rad =t AB-41cAD other ſides and angles; and fo 
6: AB-\- Rad =icA-}-; DB therewillbe 100f theſe, of every 
of which, according to the things 
given and required he may make 3 caſes, and ſo 30 in all, an{werab 
to the ſeveral poſitions of the letters; as is done by the Honourable 
Lord Nepair : If inſtead of the equality of the two terms on tht one 
ſide of theEquation,to the two terms on the other, you would expreſs 
the proportion of the four terms, it ſuſhiceth to pur the terms reci- 
procally:As whereas in the firſt it is ſaid 5s DB-j- Radius == 3 AD+ 
s A, we may put the terms reciprocally, and ſay, . as Radixs, to ſine 
AD, fois « A tos DB, or as Radws tos A, loiss AD tos DB, 
putting alwayes the term which is fined with the term required, for 
the ficſt number in the rule of proportion,and the two terms that are 
on the other ſide of the Equatian, the one 1a the ſecond place, and 
the other in the third place of the Rule of Three, But this may bere 
fuffice ; for to theſe may the ſixteen caſes of a cight angled ſpherical 
triangle be reduced, namely, 3 to the firſt, 3 to the ſecond, 2 to the 
third, 2 to the fourth, 3 to the fifth,and 3 to the fixth. 
As admit there were given the hypothenuſal AD, and the angle 
at A. and required the ſide DB; then by the firſt, ſeeing that 
s AD -+- 5s A, is equatto 5 DB -þ- Radizs. Therefore if from the 
ſam of the ſines of AD and A, we ſubſtrat Radix, the remainer is 
the ſine of DB. , 
Secondly, admit there were given AD and DB, andrequired 
the angle at A, then ſeeing «DB +Rad.'== s AD -þ-s A; there- 
fore if from s DB + Radins,we ſubſtrat «s AD, the remainer is A. 
G 2 Or 


i | 
© 46: Trigonometry. Book IT, 


| Or thirdl .if there were given DB, and the angle at A, andIe- 
quired the hypothenuſal AD; then foraſmuch as s DB -| Rad. = 
$AD+-4A; therefore if from the ſum of 5 DB -þ- Rad. we 


fubſtraft » 4, the remainer is s AD; and the like is to be underſtood * 


of the reſt. 

For if from equal things , we take equal things, the remainers are 
equal. 

Asif 6 10 be equal to 9 + 7; theniffrom 6-þ 10, that is, 


from 16, -we take 9, theremainer is 7 ; or if we take away 7, the re- 


mainer is 9 &c. 

So alſo in the quadrantal Triangle AD3 ( whoſe fide DG is a 
quadrant)the equality of the artificial fines and tangents of the parts, 
is ſuch as here appeareth, 


Is G--Rad =s A+ 5s AD And to thele 6. may the 
2ſe AG + Rad Eſc pl. s AD 16caſes ofa quadrantal Tri- 
3 ſc at Rad Ec G6+ ſc D angle bereduced, in ſuch ſort 
4s G-|-Rad =tr AG+ rs D as we have before touched 
5 ſe AG+Rad=ic Ars G mn right angled Triangles, 
6ſ6 A—+Rad=rcAG-{- tc AD and ſhall further manifelt in 

the Table following, though 
we do not in all places retain the ſame letters. 

But becauſe the work being thus ordered, would for the moſt part 
be performed by ſubſtraftion, whereas 1t 1s ſomething eaſier to add, 
than to ſubſtratt ; therefore you may inſtead of ſubſtraCting a ſige or 
tangent, add his complement arithmetical, whereof we have before 

poken, and ſo the work may be conformable to theſe Tables fol. 
owing ; whereof one ſerveth for right angled Triangles, the other 
for quadrantal. 


Inthe uſe of theſe Tables, you are to mark the things given and re- 
quired, with the letters in that Caſe giyen and required ;and you 
muſt cat off fromevery ſum, Radius or 1 in'the firſt place towards 

" the left hand; for indeed rs AB 4-e A, is equale DB + Radius, 

- and ſoof the reſt ; except where you have the complement arith. 
of a ſine, as your own reafon in the uſe of this Table will direct 


you; An 


An Exemplary Table 
of the reſolution of the 
ſeveral Caſes of right an- 


—— — 


gled ſpherical Triangles. 
T Hh Operation or Equality. & 
on s ABT: A=e DB 1 
'A $CABTs a=so Da 
ICI ws Aﬀfte AB=rc AD 3 
DB D (7: 5c DBTt «5c AZs d 
A Dco.ar. Afs DB=s AD g 
Bs. tc Aft DB=s ABS 
"—_ ie Aft AD=e AB, 
| 9 
A |DB s ADfs A=Zs DB g 
_jÞ  NADFf! A=-tc D g 
ABA 7 DBtr AB=i ADC 
=0 s AB ttc i 
AEJDB/:gar.cAB Fic | 
ADJ A et ABTtec 
AD 
DB! a 1£0-47- 4 ADF+ 
"A\Dp|c0.07.5 DFx7 


[fn all theſe Caſes, the angle given is 
marked with A; or if none be gi- 
ven, the angle required is, marked 
with A, the right angle with B, the 
bypothenuſal with A D. 


of the reſolution of qua- 

drantal Triangles, one f 

whoſe ſides is a quadrant 

A ' . 
>| :| Operation or Equality. | 
- y  KAGtt A=ﬀt 1 
40 s AGts AZSs 2 
—_ & Af 3 AG=ec AD} 3 
(8047-36 GT AZ 4 
G doſco. ar. s AYTs G=s AD $ 
—f| - te MAY?  GOnas AGE 
AG 5 GfFft AG=t 7 
6 - « AGfFtc G=tc - 
| (<7 s AGfs G=se ADfsg 
AG] & t AGf:t D=s Go 
D | Alte. ar.s a Gys D=s 
__|4Plo. or. 5c DticAG=z AD 
AG| A tt AGticAD=s alli 
AD} G fco.or.s AGfi AD=s5c 4 
DId] o& Dye G=c« | ans 
G1AG s Gyre D=rc AG'16 
G D 
1/4/23 A 


N g. 
ln all chefe Caſes, the quadrantal ſide 
is marked with DG,. and the op- 
polite angle with A. 


w — 


An Excm ay Table 


l 


Are, 


. ———-—og des (it. matters nat which ) the baſe, and the other the per. 
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And thus we have ſhewed in theſe Tables,the Equality of thearti- *' 
ficial Sines and Tangents of the things given and required in all ſuch | 
. ſpherical Triangles as have either a right angle, or one of rheis ſides a 
quadrant: But if you deſire the proportion of their natural fines and 
tangents 3 It is 


As Radius, to the firſt of the three, 
io is the ſecond to the third. 


Mn, 


«. # > ® ASC LAs 


Except there be the complement arithmetical of a ſine, for thea 


As that ſine is to Radius : 
ſo is the ſecond in theſe Tables to the third. 


E xample of right angled Triangles. | 
1 Caſe. 5 AB; -|-1A =5tDB. : 
Therefore, as Radius, to 5 AB; ſo: A tor DB, | 
5 Gaſe. Compl. Arith. s As DB == s AD. 
Therefore, as 5 A to Radius; ſos DB, to; AD. 


And the like is to be undyrſtood of all the reſt. | 
Which that yon may the better perceve,l have here added in ex; 
preſs words, the Canons or Rules df ti proportiuns oF the natural 
Sines and Tangents of the things given and_required inevery-of ghe ; 
16 Caſes of a right angled ſpherical*Friangle ( ati the like might be 
done for quadra mor, all which Rules ( as may eaſily be perceived) 
depend upon the fundamental Axiom before going, and the Corol- 
hry of the third Propoſition of the ſecond Chapter of plain Trian- 
gles ; and here the {ide ſubtending the right angle, we call the hypo. }- 
thenuſal, the other two containing the right angle, we may call ſim. | 
ply.the ſides ; but for farther diſtinftion, we call one of theſe contai;:- 


peadicular. * 
3 The 


Ll 
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. The perpe- A: Radins, to the ſine of the baſe : ſois the tangent of the 
dicular. angle at the baſe, to the tangent of the perpendscalar. 


angle 
yen 


rb 2. The angle at As Radius, to ſme compl. the baſe  ſois ſme the angle at 

LAS the perpendic, the baſe, to ſmecompl. the angle at the perpendsc. = 
 BY*© /3. The hypo- As Rains, to ſme compl.the angle at the baſe * ſos: tang. 

= " -chenuſal. compl. the baſe, to $ar.g- compl. the hypothenuſal. 

- 4.The anzle at A: ſine compl. the perpendicular, to Radins : ſo ſine compl. 


5. The hypo- As ſme the angle at the baſe, to Radius : ſo 35 the ſine of 
thenuſal. the perpendicular, to the ſine of the hypothenuſal. 
6. Tae baſe. As ZTadius totang. compl. the angle at the baſe ; ſo is the 


at the taſc 
find 


given ; to 


rpendi 


ce 


nf 


% perpendic. the angle at the baſe, to ſine the angle at the perpend. 


EY. tangent of the perpendicular, to the” ſine of the baſe. 
of y._ 7. The baſe As Radius to ſine compl. the angle at the baſe : fo is the 
rl ( tangent of the hypoth#nuſal, to the tangent of the baſe. 
== 9 J8. The perpen- As Radius, to the ſme - the hypothenuſal : ſo is the ſine 
5 * =: \dicular. of the angle at the baſe, to the ſine of the perpendic. 

= F03 9. The angle at As Radius, to ſine compl. the hypothenuſal : ſo tang. the 
E>x the perpendic. angle atrhe baſe, to tang. compl. the angle at theperp. 
-Sy C 10» The kypo- As Radius, to ſine compl. the ndicular : ſo ſme com 
% SE thenuſal the baſez to fine aculels rm : OTST 
38 11. The angle A. Radius tothe ſine of the baſe : ſo the tangent compl. 
- Cat the baſe. of the perpendic. to tang. compl. the angle at the baſe. 
2£ 12. The per- A: ſme compl. the baſe, to Radius ;, ſo ſme compl. the 
=.z, \pendicular. pothenuſal, to ſine compl. the wat} 4 rt == 
be - 13. The angle As Radius, to the tangent of the baſe : ſo tangent compl. 
k- = s at the baſe. the bypothenuſal, to ſine compl. the angle'at the baſe. 
v2 (14+ The angle As the ſine of the hypathenuſal, to Radins : ſo 3s the ſine 
- & Sat the perpend. of the baſe, to ſine the angle at the perpendicular. 

” - 2 ) 15: The -per- As ſine the angle at the perpendicular, is to Radins:ſo ſme 
- ys pendicular. compl. the angle at the baſe,to ſine compl. theperpendic. 
BW. 2 As Radins, to tangent compl. the angle at the perpendicue 
"w» & \ 16. The hypo- lar: ſo tangent complement the angle at the baſe, te 
S £-x, © thenuſal. ſine complement the hypothenuſal. | 


And 
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And becauſe by the third Prop. Chap. 4 of plain Triangles, 

\ _ Azthetengent of an arch, 

5: tothe tagent of another arch : 

ſe is the tangent of the complement of that other, 

to the tangent of the complement of the former. 

And by the Corollary of the firſt Propoſition of the ſame Chape, 

Radins is a mean proportional between the tanvent of an arch, 

and the tangent complement of the ſame arch: 

ſothat as Radins, 15 to the tangent of an arch : 

ſo-15 the tangent complement of that arch, to Radins- 

Therefore if any man delire either for variety, or convenien- 
cy, to alter the Propolitions wherein there are Tangents, he mP 
eaſily do it. 


As inſtead of the firſt he may ſay, 
As the ſine of the baſe, is to Radins: ſo 5s the tangent complement of the 
angle at the baſe, to the tangent complement of the perpendicular. 
For the third, 
As ſine complementnbe angle at the baſe, to Radins.ſois the tangent of the 
baſe, to the tangent of the bypothenuſal. 
For the ſixth. 
As tangent the angle at the baſe, to tangent the perpendicular : ſo #8 
Radius, to the ſine of the baſe. 
For the ſeyenth. 
Als ſine complement the angle at the baſe, to Radius : ſo tangent complement 
the hypothenuſal, to tangent complement the baſe. 
For the niath. 
As ſine complement the hypothenuſal, to Radius: ſo tangent complement 
the angle at the baſe, to tangent the angle at the perpendicular. 
For the eleventh. 
As the ſine of the baſe is to Radius : ſors the tangent of the perpendicular, 
ro tangent the angle at the baſe. 
For the thirteenth. 
As the tangent of the bypothenuſal, to the tangent of the baſe * ſo is Radins, 
to ſine complement the angle at the baſe. 
For the ſixteenth. 
As tangent the angle at the baſe, to tangem complement the angle at the | 
payee : ſo is Radins, to ſine complement the hypothenuſal. 
y other ways might theſs Propoſitions be varied, by the fore 
aid *7 


} 
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ſaid Corollary, and third and fourth Propofition of the fourth Cha- 
pter of plain Triangles; and not only theſe, but the reſt wherein 
there are only ſines,are varied by theſe, and by the ſecond propoſitiz 
on of the ſameChapter; the varieties thence,arifing being very abun- 
dant, and of no great uſe, I rather leave to your own practice at your 
leiſure than beſtow further time therein, 


CHA-P.IHIL 


Of the Caſes and Queſtions incident in every ſpherical triangle, 
right angled or quadrantal in gexeral. And of the examples 
of the ſixteen caſes of a right angled triangle in particular. 


VW* come now to give examples of eyery of theſe caſes in the 
reſolution of ſome Problems of the Sphere. And ſuppoſing 


— 
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the Reader to be already acquainted with the principal circles of 
the Sphere or Globe, we will torbear their definitions, 
Let GMNB, repreſent the meridian of the place, LK the Equis 
noCtial; HP the Ecliptick, V = the points of Aries and Libra; A the 
Northepole, O the South-pole, A O theaxis of the World, or meri. 
dian of the Sun atſix aclock, MB, the Horizon, G, the Zenith,N, the 
Nadir, GN, the azimuth of Eaſt, and Weſt, or the firſt vertical, FD 
REO EA Peet EI a parallel of declination, ADO, 
Note. All the inward arches are indeed an arch of a meridian palling b 
ind of proje&tion JElliprical, a 
Con read def lake Lo deſcribe the word of the Sun at his riſing 
them circular,and ſo alſo they do ſuffi- OT ſetting. AEO, the meridian of 
ciently repreſent the things intended, the Sun being in theEaſt or Weſt 
azimuth. AF O the Suns meridian 
being at F,GDN, the Suns azimuth at his riſing, GCN, the Sugs 
azimuth at ſix of the clock, GFN, the Suns azimuth being at F. 


Here then are ſeveral ſpherical triangles, ſome right angled, 
ſome quadrantal, and ſome oblique angled. 


'£ AB, the Poles elevation, I? 
AD, the compl. of the Suns declination, | 39d of the like 
Thus the right DB, the Suns azsmuth from the North, | —_— —_ 
angled Triangle or the compl, of the amplitude. are made the 
ABD, right an-4 DAB, the hour from midnight, or the ® Quadranial tri- 
gled ar B ( ſuppo- | compl. of the difference of aſcenſion. | ®gle, G AD, 


fing the Sun at ADB, th L of th and the right 
; f » the compl. of the Suns angle of 
7. < poſution,or angle of his meridian with J = — 


the Horizon. 


FF, the Suns place, or diſtance from? 


the neareſt Equinottial point. 

on re VQ, his right afenſen, erin compl. tg oy 

t angled_at = Suns declination. complements js 
QVY 


righ 
Q ( ſuppoſing the angle of the Ecliptick and g made the que. 


the Sun at F ) is Eaui noltial. drantal Trian- 
made'of QETVehe angle of the Suns meridian gle, AF 
1.4 with the Ecliptick, | 


The 
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VC,the Suns declination. And of the ſame 


The right angled ( CR, rhe Suns height at the howr of 6./ parts, or their 
right angled at R VR, the Suns azimuth from Eaſt or —_— —_— js 
( if we ſuppoſe W:| at the hour of 6. prantal] _ 
the Sunat C) bs JC VR, the Poles elevation. *-GC. triangle, 


- made of V CR.the angle of the Suns poſition. 


The right angled SE, the Suns declination. . And of the like 
Triangle \ SE, $ \V the hour from 6. parts, or their 


VE, the Suns height being Eaſt or Weſt. —— 


SVE, the Latitude. drantal Trian- 
SEV, the angle of the Suns poſition. 8&6 VEA 


r hr angled at © 

f we ſuppotc 
Nb or LF 
made of 
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The oblique angled g GA, the complement of the Poles elevation, 
triangle AGF,having VFA, the complement of the Suns declination, 
neither .right angle, JGF, the complement of the Suns height, 

nor any ſide a qua«- \GAF, the angle of the hour from Noon, 

drant ( if we ſuppoſe / AFG, the angle of the Suns poſition, 

the Sun atF ) is made © FGA, the azimuth of the Sun from the north 
of part of the Meridian. 

Other triangles are repreſented in this Scheam, but theſe 1 
thought good to note, to give occalion to young Beginners to ex» 
erciſe themſelves. 

Now we will ſhew the ſolution of one of the cight angled triangles, 
namely, ADB, alſo of the oblique angled triangle AGF, whereby 
you may underſtand the like operation 1n all others. 

le The amplitude.or Suns azs- 
The Poles elevation and hour of Sun- ) muth of riſing or ſetting : 
riſing or ſetting, given zto find 24 The Suns anele of poſition. 
: 3. The Suns declination. 
Let the Poles elevation be 51 deg. 32. 
The hour from. midnight 4- ho. 40' 12”. 
Which converted into degrees , is 70 deg. 03”. 


Caſe 1, For the amplitude, or azimuth of riſing and ſetting, DB. 


Say s AB + Rad =tc A-|-e DB 
Here inſtead of ſubſtrafting rc A, we add its compl.arith. which is 
A, and io work as followeth: 

Poles elevation, AB xF51deg. z32* $s AB 9.3937452 

hour from midnip ht A -' 50 by: 10.4401146 

Suns azimuth fri 

ſing and ſetting DB 6s 03 tDB 10.3338598 
* This is not full 65 deg. 08' ; but wants about a third part of a minme, 
or 20,” 4s youmay find by the part proportional, working as we have be- 
fore ſhewed, Chap. 2. SeQ.8. . 

And this 65 deg. 08', is the complement of the Suns amplitude from 
the Eaſt or weſt northerly, or the Suns azimuth from the North part of 
the Meridian, becauſe the Suns declination 1s Northerly : otherwiſe it were 
his azimuth from the South, if the declination were Southerly ;, as you. 
may wnderſtand by the foregoing Scheam turning it upſide down. 

And 
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And where it #1 ſaid Hour: from midnight 70 deg 3", it 4s to be nar” 
derſtood, the hour converted into deg. and mine which is done by allowing 
15 degrees for an hour, and one degree for four minutes of time, and 15 
minutes of a degree for one minute of time, &c, Or ſaying by the Rule 
of Three, If one hour, or 60 minutes give I5 degrees, what gives the 
rime propoſed ? and ſo the comrary : if you would convert degrees inte 
hours, ſay, If 15 degrees give one hour, or 60 mines of time, what 
give the degrees propoſed ! 

Note,that for your eaſe in reſolving 

queſtions, whether in plain or ſpheri- A. 
cal Triangles it will be expedient to 
mark the things given and required, as 
in this example, where the ſide 4B, 
and the angle A being given, are each 
marked with a daſh thus _-, and the 
fide required DB, with an o, or cy- D B 
pher thus, 0. 
Caſe 2. For the Suns angle of poſition. 
. Say 5« D-+Rad = 5 A-+ 5c AB, 


Therefore the operation is thus, 


Poles elevation, AB 51 dep. 32! ic AB 9+79383 17 
Hour from midnight A 70 ur 9+9731236 
Suns ang le of poſitio | — 

is thecomplement of S D 35 479 «D 9+7669553 


W hich 35 deg. 47 is the angle of the Suns poſition. 


Caſe 3. For the Suns declination. 
Say 5c A-+ Rad - : AB+ic AD. 
Here inftead of ſubſtrafting r AB, we adC'its compl,. arith. which 


isrc AB, and the like isto be underſtood in the reſt that follow. 
Hour from midnight A- 70 deg. 03/ ic ' A © 9g.5330090 
Poles elevation AB 5.l 32tc AB g9g.gono865 
Suns declination 15 — 


the complement of ADng IO tc AD 9.4330955 

Which 15 deg. 10” is the Suns declination towards the North pole 
( or elevated pole) becauſe the hour from-midaight is leſs than fix; 
ifit were more than fix, the declination ſhould beſoutherly ; as 
is evident by the Scheam before going turned upſide down. 


After 
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After the form of theſe three examples : If there were given the 
amplitude, and angle of the Suns poſutton, we might find the Poles ele- 
vation, the hour of Sum-riſing or ſetting, and the Suns declination: and 
sf you uſe the exemplary T able, you may uſe the ſecond Triangle under the 
Table. 

The amplitude, or azimuth of C4. The angle of poſition. 

the Suns riſing or ecing ited T he Suns declination. 
the hour given : to find 9. T be Poles elevation, 

Let the azimuth of the Sun at his riſing or ſetting be 65 deg. od 

from the North 

The hour ofSun-riſing ( from midnight )4 ho. 40' 12”,which con- 

verted into degrees, is 76 deg, 03'. 


Caſe 4. For the angle of poſition. 
Azimuth of the Sun L DB 65 deg. 08' co, ar. 5. DB 0.3762257 
at riſmg or ſettin 
Hour of Sun-riſing A -70 03 is A y9ge5339090 
Angle of poſitioncompl. D 35 46 s D g.9092347 
This 5 D,9.9092 347, givesan arch or angle of 54 deg. 14' ; which 
is the angle that the Suns meridian makes with the horizon ; but 
the angle of the Suns poſition is the complement thereof, namely, 
35 deg, 46'. . 


Caſe 5. For the Suns declination. 


Hour of Suns-riſmg A Todeg.03%. wo, ars A 0.026164 


Azamuth of riſing DB 65 o8 s DB 9.9577455 
Suns declination compl. AD 15 10 s AD 9.9846219 


Here ( as we noted before ) the arch anſwering tos AD 9.9846219 


is 74 deg. 50.' but the Suns declination is the complement there- 
of, that is 15 deg. 10', and fo of others, 


Calc 6. For the Poles elevation. 


Hour of Sun-riſmg A -70 deg, 03' tc A 9.5589854 
Suns azimuth of riſing , DB 65 o8 &8& DB 10.3339712 
Poles elruation AB 51 as oa 0.893 3566 


Thus 
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Thus DB being 65 deg. o8', we find ABto be 51 deg. 33' but, if 
we ſhould take DB to be but 65 deg. 07' 40” as before we found 
it, then AB the poles elevation would be but 51 deg. 32', as 
before. 

And ( after the form of theſe three examples ) if there were given 
the Poles elevation, and the angle of the Suns poſitron, we might find 
the hour of Sun-riſing, the Suns declination, and the amplitude or azi- 


muth of riſing and ſetting. 


7. The Poles elevation. 
The Suns declination, and the hour of )8, The amplitude, or the Swns 
theSuns riſing or ſetting given to ind Y azmarh, 
9. The angle of poſuvon, 
Let the Suns declination be 15 deg. 10* northerly. 
The hour of Sun-riſing 4 ho. 40” 12”, 
Which converted into degrees, is 70 deg. 03'. 


Caſe 7. For the Poles elevation. 


Hour of Sun-riſmng y A rTodeg. oz* icA y9g.5330090 

Suns declination compl. AD 1g 10 t AD 10,5669 196 

Poles elevation. AB 51. 32 *t AB 10.0999286 

Caſe 8. To find the Suns azimuth. 

Suns declination compl. AD 15 deg. 10' AD 9g.9846033 

? Flour of Sun-riſng A 70 03's A 9+9731236 
Suns azimuth from the north 

art of the meridian DB 6x5 o8 +s DB 9g.9577269 

The complement hereof 24 deg. 52', is the amplitude of the Suns 


riſing and ſetting from the Eaſt and Weſt northerly, becauſe the 
declnationis northerly, 


| Caſe 9. wo findthe angle of the Suns poſition: 


Suns declination compl. AD 15 deg, 10'jsAD 8 ga4176837 
Hour of Sun-riſmg A 70 03 t A 10.440 1146 


The angle of poſition compli D 35 a7uD 9857798 
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And ( after the form of theſe three exam- / \ 
ples ( if there were given the Suns declination, / 
and the angle of the Suns poſition at his riſing, "4 
we might find the Suns azimuth, the Poles PP 
elevation, and the hour of Sun-18ſing. _ 


plitude of Sun-riſing or ſet-< 11. Tie hour of Sun-riſing, or ſet- 
ting given : to find ting. 


Let the Poles eleyation be 51 deg- 32'. 
Suns amplitude of riſing and ſetting 24 deg. 52' northerly. 


Caſe 10. 7 o find the Suns declination. 


The Poles elevation, and am- TW Te ſuns declination. 


The amplitude 5s th 
_—_— *Þ DB 24 deg. 52) «DB 96237743 
Poles elevation, AB 51 32 oc AB 9-7938317 
EE OY . 
Suns declination compl. AD 15 10 5c AD geq4176060 


This declination 15 deg. 10' is northerly,becauſe the amplitude gi- 
ven is northerly ; and when the one is ſoutherly, ſo is the other. 


 Caſer1i. To find the hour of Sun-riſing and ſetting. 


Poles elevation, AB 51 deg. 32 s AB 9.3937452 
Suxs amplitude compl. DB 24 52 © DB 3:6660287 


GC ——_  —— 


9+*5 597739 


Which 0 deg. 03' conyerted into time, is 4 ho, 40' 12”, which is 
the time of Sun. riſing ; but if the amplitude had been ſoutherly, 
the arch thus found had been the hour of Sun-ſetting, as isevident 
by the firſt general Scheam turned upſide down. 


Hour of Sunsriſing A 70 WORD Pt 


Hnd after the form of this laſt example, we might by the ſame thi 
gwen, find the angle of the Suns poſition. betas The 


declination of the Sun given: 
to find | 


Let the elevation of the Pole be 51 deg. 32', 
Sans declination northerly 1 5 deg. 10': 


Caſe 12. To findthe Amplitude. 


Tie Poles elevation, AB 51 deg. 32' co ar; 3« AB 042061633 
Suns declination compl. AD 15 10 ic AD 9.4176837 
The amplitude, the _ — — 

plement of DB 24 F2 56 DB g. 6238520 


And this amplitude 24 deg. 2' is norther- 
ly, becauſe vhe Suns declination is nor» 
therly : That is, the Sun riſeth 24 deg. 
$2'to the northwards of the Eaſt, and 

{ets as much tothe northwards of the 

Welt. When the declination is ſouthers bd 

ly, the amplitude thus found is fouther- 

ly, as may appear by the firſt general Þ» 

$cheam turned upſide dosn. 

Of the amplitude thus found there is 
ofren uſe made at Sea, for finding the variation of the Compaſs: whick 
is done after this manner, if you doit by the Compaſs. 

Suppoſing the circumference or outermoſt edge of the card or flie 
of the Compals to be divided into 360 degrees,and the points of the 
Needles to be placed directly under the Flower-de-luce or North 
and South points: you are to obſerve atSun-riſing or ſetting,how ma- 
ny degrees the Sun is from the Eaſt or Weſt points of the Compaſs, 
which number of degrees,if they agree with the amplitude found by 
this Propoſition,as 13 before ſhewed, and be on the -ſame fide, then 
hath the Compaſs no variation : but if they differ, look how many 
* degrees thatditterence is, ſo much is the variation, 

As for example, admit1 find the amplitude( as before)tobe 24 
degrees, 52 minutes northerly, then I know that the Sun-fhould fer 

| I almoſt 


Fg _- 
- 


almoſt 25 degrees. fromthe Welt. to the Northwards, but obſeryins 

at ſuo-ſecting-withwycowpels, admit 1 find it to fet but 19 degrees 

from the Weſt-point of my compaſs t> the North wards,then hereby 

I gather that the variation of my Compaſs is almoſt ſix degrees. And 

thus you may find how-much the yariation of the Compaſs is Now, 
To find which way the Compaſs Yariedh, 

If the degree of the Compaſs, which ſhould diretly reſpect the 
Sun at his riſing or ſetting ( namely, the degree of amplitude found 
as before)be more towards the right band, than the Sun-riſing or ſer- 
ting, the variation is Eaſterly ; but if it be more towards the left 
hand, the variation is Weſterly; becauſe,when a mans face is towards 
the North, the Eaſt is on his right hand, and the Weſt on his left. 

As ih this Example, I find by the amplitude, thatthe Sun ſhould 
ſet almoſt 25 degrees from the Welt point of my Compaſs, norther- 
Iy:; but ſetting the Sun, 1 ſee that the 25 degrees of my Compaſs is 
more towards the right hand, than the place of Sun-ſet ; therefore 
I conclude, that the variation is Eaſterly. 

And thus is the variation of the Compaſs found to be almoſt 6 de- 
grees Eaſterly, ſo that the Notth point of the Compaſs ſhews not the 
true North, bu points almoſt 6 degrees to the Eaſtward of the 
Narth, and conſequently all the ether points of the Comgeſl direct 
mote towards the right hand than they ſhould do, almoſt by 6 de. 
grees4 aud the like in all points is to be underſtood, if the obſerya. 
tion had been made at A k 

Note, It is fitteſt to make theſe obſetyations when the Sun ſeems 
tobe a little above the horizon, namely, when the 12wee edge of the 
Sun ſeems almoſt to touch the horizon, for then the Sun is in the hori- 
zon,though by reaſon of his refraction and parallax he ſeem to be 
above it. 


Caſe 13.: To find the boxr of | Sun-rifing and ſetting. 


Poles elevation 'AB 51 deg.32' t AB 10,099913F 
Suns declination compl, AD Is 10 tc AD 9.43 30304. 


PC EEE 


— 


Hour of Sunrriſmg AA * 79 03. 5 A 9-5329939 


This 70 deg.o3' converted into time, is 4 ho; 40' 12”, which is the 
time of Sun-rifing after midnight ;, but if the declination had been 
ſoutherly 
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ſoutherly, this 4 ho. 40' 12”, thus foynd, had been the time of Son- 
ſetting aſter-Nodny a6 maywppear by the general Sdheam turned 
upſide down. | 
And" after the forms of this laſt example, if there were. given the 
azimuth of the Sus rofeng or ſetting, and the Suns declinatron, we meg he 
the angle of the Suns meridian with the horizon : or the Poles elz« 
vation, after the form of the Laſt but one. | 


Caſe 14. The Declination of the Sun, and his azimuth of 
riſing and ſetting given: to find the hour. 


Let the Suns declination be 15 deg. 10', northerly, 
His azimuth at his riſing or ſetting 65 deg. 08', from the North. 


To find the hour. 
Suns declinat. compl. AD 15, deg, 10'uo. ar. + AD 0.0153967 
Suns aLmmth — Ro 03 s DB 9.957745$ 


Hour of Sun riſims A 70 03 s A 9-9731422 
Which 70 deg. 03' converted into time, is 4 ho. 40” 12”, the of 
Sun riſing: but if the declination had been' ſoutherly, this arch 
thus found had been the hour of Sun-fetting. 
And after the form of this example, if there were given( as in the 
thirteemh Caſe ) the latitude, and Suns declination, we might find the 
angle of the Suns poſuion, or the complement thereof, which 55 the angle 
of the Suns meridian with the horizon. 

The hour of Sun-riling or ſeating, and the angle © 15. The amplitude. 
of the Suns meridian, with the horizon grand, 16. The Suiis de+ 
to find Clination- 

Let the hour of Sun-riſing be 4 ho. 40" 12”, 
Which converted into degrees, is 70 deg, © 3'. 
The angle of the Suns meridian with the horizon $54 deg. 13". 


k AS 1 pM 
Caſe 15. To find the Amplitude, *  * 


Angle of meridian and horizon, D"© 54 deg. 13' co.ar.s D 0.0908539 
Hour of Sun riſing in deg. A 7o o©oz' wv». A 9.5330060 


Amplitude compl, _ 24 $52 ecDB 2.693862 
2 \” 


Caſe 16.. To find the Suns declination. 


Angle of merid. and horizon D 54 deg. n3'rc D 0:857803 1 
Howr of Sun-riſins A 70 ozre A 9-5598854 


bs Book IT. 


Suns declination compl. AD 15 10 AD ' 9.4176885 


Which declination 15 deg. 10 min. is northerly, becauſe the hour of 
Sun-rifing is before ſix : otherwiſe the ſaid hour being after ſox,the 
declination ſhould be ſoutherly. 


Hnd after the form of the laſt Caſe but one, we may by the ſame things 
goven find the Poles elevation, 

And thus it is evident, that of the five circular parts of this right 
angled ſpherical triangle, namely, of the two oblique angles, the two 
ſides, and the bypothenuſal, there may be framed 30 Problems or Que- 
ſtions of the Sphere, and theſe 30 Problems are reduced to 16 Caſes, 
and theſe 16 Caſes to that one fundamental Axiom before ſet down z and 
the like s5 to be underſtood in other right angled ſpherical triangles. 

The ſame 30 queſtions might alſo have been moved andreſolved in the 
quadr antal triangle AGD, and they are alſoreduced to 16 Caſes, and 
dbeſe 16 Caſes to the aforeſaid fundamental Axiom. Of which things 
having before given ſufficient light, we will leave the praltice thereof to 
the dfraems Reader. 

Aud it will not be amiſs, when there 3s s queſtion propoſed in a right 
angled ſpherical triangle, to mark. it with the Letter: ABD ;, ſetting 
B at the right ,» and AD to the bypothenuſal ;, or if it be a qua- 
drantal wigle, or DG to the quadramal ſide, and A at angle there 
fo oppoſite. | . 

Az of ( in the general Scheam of the Sphere before going) 1 would 
'veſelve the triangle V RF, right angled at Q. 1 put for '', A, for 
L, B, and for F, D, as in the firſt of theſe triangles: or [ pit for F, 
A, for ©, B, andfer + D, as in this ſecond triangle. 


© 242-0 ON 


— 


\ 
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In this frſt triangle. In this ſecond triangle. 
A, s the Futrned x I V and ©, which in this femdTr, 
triangle is . 
AB, i an arch of the Equinoltial, which in the ſecond is D B. 
DB, #: an arch of the Suns muon which in the ſecond is AB. 
And thus, 

AD, #s the Suns gay or diſtance from the neareſt Equinatiely ry A 
point, which in the ſecond triangle is alſo | ; 

AB, ss the Suns right aſcenſion from the neareſt Equino#;al DB 
point, which in the ſecond triangle 5s ; 

D B, 3s the Swns declination, which in the ſecond triangle 13 AB. 
A, is the angle of the Ecliptick with the Equinoftial, which in theo | 
ſecond triangle is T4 

D, 5s the angle of the Suns Meridian with the Ecliptick,, which ww A: 

p the _ triangle 1s 2's 5 ; 

\ And any two of theſe being grven, we ma ny third required ; 
and {o frame 30 ſeveral que = every of Aires _ of theſe triangles 
will be conformable to the exemplary table of right angled triangles before 


ſet down. 


And the like is to be underftood in the other two triangles before mentio- 
nedR VC, and SE: ſo that in theſe four right angled triangles, you 


may frame 120 queſtions of the ſphere, and thesr reſolutions. And the 


like you may do in their quadrantals : all which 1 leave to your own pre 
(tice, deſiring to uſe as mach brevity as conveniently I may. 

And thus much touching the reſolution of ſuch ſpherical triangles as 
either r5ght angled or pt. Ha : Now we come to thoſe that ave oblique» 


which have 12 Caſes, ten whereof do alſo depend upon the firſt general axi- 
ome afore-going, and might be thence deduced. But thut all things may be 
the more eaſie and per ſpicnows,, we will lay down two ConſeAaries following 
of the ſaid firſt Axiom, after we have declared in general the- Caſe: of 
an oblique triangle. Of 
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of _ Spherifh Triangles, 


(etal > 
A, A 


A 
Of the Caſes and Queſtions incident in every oblique ſpherical 
Triangle in general : and particularly of thoſe two Caſes 
wherein the things given and required are oppoſites. 


T2 the intent the application of the DoCtrine of Spherical Tri- 

angles may be the better underſtood,we will here(as we have 
before in right angled Triangles ) give examples of the ſeveral Ca. 
ſes of an oblique Triangle in the aCtual refolution of ſome known 
Triangle of the Sphere. And we have before noted in the general 
Scheam of the Sphere, Chap. 3. that AGF is an oblique angled 
Triangle. Let us ſuppoſe the firſt of theſe Triangles following matk- 
ed with ADE to be the ſame ( where we change the Letters, not of 
any neceſlity, but ſor the betrer conformity of all the examples. ) So 
that 4 here may be inplace of A there: namely, at the Pole of the 
world: D here, in place of G there, namely, at the Zenith; and E 
here, inplace of F there, namely, at the Sun. Then is, 


AD, the complement of the Poles elevatien, or the diſtance of the 
Pole from the Zenith. 

AE the complement of the Suns declination, or the diſtance of the 
Son from the Pole. 

ED, the complement of the Suns height, or the Suns diſtance from 
the Zenith. | 

A, the angle of the hour from Noon, or the angle of the meridian 
of the Sun, with the meridian of the place. : 

F, the angle of the Suns poſition in reſpe&t of the Pole and Zenith, 

D, the Suns azimuth from the North part of the meridian. 


And 


ws —_— 


And any three of theſe being pgiyen, the other three may be ſound. 
Sothat of theſe ſix parts Conferred together there ariſe in this Tri- 
angle, and ſo in others, Sixty Queſtions or Problems of the Sphere: 
which areall reduced to 12 Caſes, the reſolution whereof we intend 
now to ſhew, and exemplifie in this Triangle, and withall to poing 
out the ſaid Sixty Queſtions here incident, referring every of them 
to their proper Cales, 

And that theſe Sixty Problems may be the more conformable to 
the 12 Caſes whercunto they are referred] have marked this Trian- 
ple ſix ſeveral ways: that ſo the things given and required in every of 
theſe Triangles be noted by the ſame Letters, as are uſed in the Caſe 
and Example whereunto that Problem is referred ; whereunto 1 am 
the rather induced, by the example of the honourable Lord Nepair 
in his 12 Caſes of an oblique Triangle, ſet forth in lis Book of the 
ConſtruCtion of Logarithms, | 

But every man is at liberty to do herein as he thinks good, for the 
_ = general, howſoeyer the Triangles or their parts are 
marked, 

And thus having ſhewed in general, what Caſes and Queſtions are 
incident in an obliqueſpherical Triangle, we come now to handle 
them particularly, laying for the two firſt Caſes this ground. 


ConſeCtary 


Trigonometry, Book II, 
ConſeQary 1. 


In all ſpherical Triangles : The (ines of the ſides, to the ſines 
of their oppoſite angles, are diretily proportional. 
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Thhti:, In the firſt of..the: foregoing Triangles. As the ſine of one 
fide ED, 5s in proportion to the ſine of h1s e angle at A: ſo is the 
fine of &noth&+. ſide AD, to the ſine of his oppoſite angle at E, and the 
like 55 robe underſtood in the Jecond Triangle, and ſo in the reſt. 

Nets. Weſpeak here of natural (ines, as. uſually whereſoeyer we 
ny ef rn ts, we mean of the natu- 
ral fines and tangents ; "and where we ſpeak of the equality of fines 
and tangents,we mean of the artificial ſines and tangeats, that is, of 
the jon. =o the PR__ lines and tangents: For where = P 
an equality of the artificial, there is 4 reciprocal $onality of t 
natural, Al its the (orol. of ag Prop. of 2 Chap of Plain 
Triangles. 


Conſtruft. Now touching this Conſeitery, let AD E be an oblique 
angled triangle ,, If then we let fall the perpendicular DB, t 3s re- 
ſolved into two right angled triangles, ADB, and EDB. 


Demonſt. wherefore by the fundamental Axiom of right angled 
_ triangles, if we take the perpendicular BD for the middle part, and 
AD and A for his oppoſite extreams, in the triangle ADB; and ED, 
and E,, for bs oppoſite extreams, intbe triangle EDB, then 
Kad -\-: DB, is equaltos AD -\- 5 A, alſo 
| Rad 1 DB equal tos ED -\-$ E. 

But things that are equal to one and the ſame thing, are equal one to 
another, therefores AD -\-s A, is equaltos ED-j-sE. Therefore 
by the Corol. of 3 Prop. 2 Chap. of Plain Triangles the proportion of 
their natural ſines $5 reciprocal, thus : 

As the fine of ED. is to the ſine of the angle A: 
ſo 55 the ſine of AD, tothe ſine of the angle at E. 
And the like is to be underſtood in the ſecond triangle. Therefore in 
all ſpherical triangles, &c. which was to be proved 
And hence may two Caſes in an oblique triangle be reſolved. As, 
Caſe 
1 


Caſe x. Two angles, with a fide oppoſite to one of them given; 


| ro find the ſide oppoſite to the other. | 

As in the ſecond oblique Triangle, Let there be given 

The Suns azimuth from the North DAE, 107 deg. 36 
whoſe compl. to 180 deg. being the 
Suns azimuth from KA South, "F BAD, T=-; 24 

Te hour from noon E 3 ho. 45" 44”, 6 ſe 
which converted into degrees, 1s 9.” 

The Suns height being the complement of AD, 32 28 


And let there be required the Suns declination, which is the com- 
plement of E D. . 
fs the ſine of the hour from Noon, s E 56 d. 26', co. ar. 0. 0792283 


fo the ſine Compl.of the Suns _ ag s AD57 32 9s 9261900 
oth ſine of the Suns azimuth, s A72 24 9. 9791798 
dr da entmen of WE, 5D74 50 9.984x981 


Whereby the Suns declination appears to be 15 deg. 10'. 


Another Example of this Caſe. 

Let there be given in the fifth Triangle, 

The Suns azamuth from the North, whoſe = _, 107 deg. 36' 

complement to 130 degrees, 3s G R 72 24 

The boar from Noon A 3 bo. 45 44 > "Y 26 
which converted 1nto degrees is : | 

The Suns declination, on. AD I5 10 


And 
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And let there be required the Suns height, being the complof ED. 
Alt the fine of the azimuth, s E 72 deg. 24 C0. 47. 0:0203202 


to fine compluthe Suns declinat. 5 AD 74 50 9-9846033 
ſfothe ſine of the ho. from moon, 5 A 56 26 9492077 17 
to fine compl. the Suns height, $5 ED 57 32 9-926 952 


Whereby the Suns height appears io be 3 2 deg. 28 min. 
Note. By the imitation of either of theſe examples, there may four 
. Other queſtions in this Triangle, 4d jo of any other, be reſolved. 

A; 3. If (inthe firſt triangle) there be given, 

The hour of the day, the angle of the Suns poſuion, and the beight of 
the Pole : to find the beight of the Sin. 

4e If there were given in the fourth Triangle, 

The hor of the day, the angle of the Suns poſition, and the height of 
the Sun: to find the height of the Pole. 

5- If there were given m the third triangle, 

The Suns azimurls, and angle of poſition, and declination, to find the 
elevation of the Pole. 

6 7 Mere were given in the ſixth triangle, 

he Surtrazimuth, and angle of poſſtion, and the Poles elevation: to 
finds Smt declination. 


Caſe 2. Two ſides: with an angle oppoſite to one of then piven : 
to find the angle oppoſite to the ather - 
or” 2-1 _ 
Let there be given in the ſecond oblique triangle, 


The S115 beight above the borsLon, compl. AD 32 dep. 28' 
The/Suns declination northerly, compl. "dy E D I F IO 
The Suns azimuth A 07A. 36 min. or A 2 2.4 
And let there be required the hour from Ngon E. 

Hs fine compl. the Suns declinat. 3ED 74 deg. 50' co. ar. 0.0133967 
10 the ſine of the azimuth ; s#A” 72 24 9.9791798 
fo ſine compl. the Suns height, sAD 57 32 9-926 1900 

: ———— — 
to the fine of the ho. from Noon. 5E 56 26 99207665 


W hich 56 deg. 26 min. converted into time, is 3 ho. 45'44”, which 
in the forenoon is 14' 16” after 8 of the clock, but in the after 
noon 45' 44” after three of the clock. | 


Note, 
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Note. The arch or angle anſwerinig to 9.9207665, i« not full 56 dep. 4 
26 min. but wants 4 fifteenth 6 mare; or = _. . 
but for the more facility and readineſs, it ſtall ſuffice to give the exam- 
ples to a minute ;, ſuch as deſire more preciſeneſs, may do 4: we have 
ſhewed{in the ſecond Chapter of PlainTriangles, SR. 8. 


Another Example of this ſecond Caſe. 
Let there be given in the fifth triangle, 
The Suns declination northerly, complement AD - 15 deg. 10 
The Suns height above the horizon , complemem - ED 32 28 
The ho. from noon, ho, 45 44” which in deg.s A 56 26 
Aud let there be required the Suns aziguth E. 
Proportion. 
" As ſme compl. the Suns beight, sED 57 dep. 32' co. ar. 0.573$100 
to the ſane of the hour ;, ijk 56 26 9.9207717 
fo ſine compl. the Suns declinat. $ AD 74 5O 9.93846033 


—— 


to the fine of the azamuth sE 72 24 99791850 
Which 72 deg. 24 min. is here the Suns azimuth from the South, the 
complement whereof to 180 degrees, is 107 deg. 36 Min. the Suns 


' azimuth from the north. 


K 2 By 
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By imitation of eithtr of theſe eximples, there may four other que. 
Pins this 4 : andl ſo of any other bt veſalved ; As, 7 

3. If there were geven\in the firſt eraangle, 

The Poles elevation, the Suns beight above the borizan, ond dhe troy 

from noon :'to frd the Suns anple of poſution. 
4. If there were given in the third triangle, 
The Blns dtlination, -* Poles RE. and the Suns _ of poſition ; 


ro figd 7 


54 the > wer en 1m the four Fl e #7 
The T4 be che far Dig ) devel, ahd the angle 


ſition : to find the hou. 
6s If there were groen in the foxth triangle, © 


les _ the Suns —_— and azimuth: to find the an- 
i 
$1 


ſition. 
ERry migh ng cen propoſed Uhvs.. 
” op. by ſine of an an- 
gle oppoſite to anot ee eq to t Þ off that other _— with 


ow {me of the angle" fag o the firſt. thatfis, + 
s AD-\- s A isequal to + ED-|-E. 
Which in effe&t'is thedame withthe former _ inlike ſort demon- 
ſtrated. But the former 1s to be preferred being brief, per; picuous, 
and well known to ſuch as have been conyeriant in hal tri- 


les. 

Bur i in the uſe'af this Coaleftary, and ofthe twolaſt Caſes, there 
happens the4ike doubt, as, Men NE upon the ninth Caſe of 
Plain Triangles. Namely aliens angles It is $5 diful,wherher 
the angle neareſt to a ri WY wo and his oppoſite nts f:t es be hoth of 
one and the ſame, or 0 divers kinds, uvleſs you diſcoyer it by your 
work, or that it be a thing given By ſuppoſition. 

This doubtmey [ forthe moſt part ) be removed by the exact de- 
lineation of the ſcheam or figure : whereby you ſhall perceive whe- 
ther a ſpherical angle be acute or obtuſe, and a ſide greater or lefs 
than SIND. But you may be further directed herein, by the 
—_ —_ of the Baron of Marchiſton, which I have for that 

down in the firſt Chapter of ſpherical triangles, * 

Yd * this laſt example, ſeeing = fide AD 74 deg. 5o mig.is nearer 
toa quadrant than his open angle at Ebcing 72 dee. 24 min.or 107 
«deg.36 mig.therefore ( by the laſt of thoſe clirn) two anglts of that 


triangle 


=. 
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triangle are of one kind,and the third greater than a quadrant. That 
is, the two angles at A and D,areacute, and the third at FE, namely, 
AED is greater than a quadrant: therefore the-angle there found 
AED is 107 deg. 36 min. and the like judgment is to be given of 


others, 


CHAP.V. 


Of eightwother Caſes of an oblique ſpherical Triangle, reſolved 
at two operations by a perpendicular let fall. 


N Ote. If this mh of reſolving theſe eight Caſes at two operatis 
ons ſeem hard, you may moreeaſily reſolve them at three vpe« 


rations, as is ſhewed in the ſixth Chapter next following; but here we 
ſhew their reſalation at two operations only, thus ; 

In the eight Caſesnext following there are alſo three things(in an 
oblique triangle given to find a fourth ; for the finding wherevfir is 
requiſite, that this triangle propoſed be reduced to two right angled 
triangles,by a perpendicular let fall from one of the angles to his op- 
polite ſide , which perpendicular falls ſometimes within the triangle, 
ſometimes without. 

If the angles at the baſe be both of one kind(that is, both obtuſe, 
or acute ) the perpendicular falls within the triangle, if of 
divers kinds, without : and the converſe, BY 

In 


T Trigonometry, Book I. 


In letting fall the perpendicular, obſerve, that foraſmuch as in 
every of theſe Caſes there is-given a fide with an angle adjoyning, 

1. Let fall the perpendicular from the end of that lide oppoſite to 
that adjacent angle : 

And further when that ſufficeth not, 

2, Let itfallalſo oppoſite tothe angle required ( as in the fourth 
Caſe }-or tothe ſide required (as jo'the ſixth ) accounting ( as be- 
fore ) the ſides and angles thar are not athacent, to be oppoſite. 

The firſt af theſe conditions is generally to be obſerved-ia all the 
eight Caſes following, the ſecond inthe fourth and ſixth Caſes. 

And thus ſtall we have two right angled triangles,and the hypothe- 
nuſal in one m3y be ſaid to be correſpondent to the hypothenuſal in 
the other ;, and the baſe in the one, tothe baſe in the other ;, and ſo 
the other parts. 

Then in one of theſe right angled triangles ( which for diſtin{tion 
ſake we call the firſt)there is given the hypothenuſal and angle at the 
baſe, whereby may be found the baſe, or angle at the perpendicular, 
as occaſion requires, by the ſeventh or ninth Caſes of right angled 
triangles 3 and this is the firſt operation. 

For 8he ſecond,there muſt ( of the things thus given and required) 
two things in one triangle, be compared to two correſpondent 
things in the other triangle,which two in each, with the perpendicy- 
lar, make three things in each triangle, either adjacent (that is lying 

together ) or oppolite ; of which three, the perpendicular is always 
one of the extreams, and the thing required, one of the other ex- 
teams; all which may appear in every of theſe ſix triangles. j 

So that by the firſt general Axiom of right angled ſpherical trian. 
gles. 

Radius\-ic AD?Y). ie A B-i-5c DB. 
lis D Bs EB ; 15 equal ay W : 4 6dr 


"mma a. equal rol © A-\+t DB. 


t DB -tc E B |- Radius. 
Radins ic At: c BD A+«DB, 
DB. BD FT equal toy ;, E-)-Radins, 


Radins-\-ic B D AY. i AD+t DB. 
4A, DB -\tc E Dy" equa} tod D B E-|-Radins. 
But 


525m, Wm co ew WI_n—_ -. - ca 


_— 4 2 x IP” > 
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But if from things we take away <qual things, the things re- 
maining are —_— ow. th from either fide taking r or :c DB and 
Radius, it follows, that. 

1 :« AD-+ sc EB is equal to 5xED = 7 AB, 

25 AB +tcE ho e BE-þ- tc A. 

35c A-\-s BDE is equal to ;c E-j-s BDA. 

4 is BDA-+trc ED is cqual to j« BDE + tc AD. 


B 
. / I» E B 
B EA D 


| : þ 
A E D A. E D 
Wherefore in each right angled ng ee parts 
more remote from the right angle, to be n id, with 


their complements ; and uſing ( as is expreſſed in the fund 
Axiom ) the ſines of the middle parts, and the tangents of the ex- 
treams adjacent, or the ſines compl. of the oppoſite extreains, you 
may obſerve that : 
The middle in the firſt triangle, with the extream in the ſecond :. 5s 
equal to the middle part in the ſecond,with the extream in the firſt, 
And by help of this ConſeCtary might theſe eight Caſes be reſol- 
ved, which alſo by the Corokary of 3 I Chap. 2. of Plain Triangles, 
may be propoſed as followeth ; in which from we intend to uſe it. 


ConſeQary IT, 


As the midale part in the firſt Triangle, is in proportios to the 
middle part in the ſecond: ſo is the extream in the firſt, to 
the extream in the ſecond. 

Though 
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Though the perpendicular” be: always one! 6f t he extreams in 
either triangle ( as is before noted ) yet we-uſe : not that, 'but the 
other extream in both. ' EOML2 
Wherefore in any of the ſix cblique triangles, ſeeing AB and DB. 
= oppoſite extreams to. AD, as EB and DB are to ED, there- 
ore, 


1, As 55s ABto#EB: ſo 5 AD to xc ED. 

And ſeeing A and DB, are adjacent extreams toAB:as E and 
DB, are to'EB, therefore, 

2. .A8s ABtosEB:ſorcAtoreE. 

Again,ſfeeing BDA and DB, are oppoſiteextrearm to A,as BDE 
and DBare untoE, therefore, | 

3.As 5s BDA, tosBDE: ſo xc A,to ic E. 

_— ſeeing AD and DB are adjacent extreams to BDA : as 
ED and DB, are unto BDE, therefore, 
4. As 55 BDA, to c BDE : ſo rc AD, torc ED. 


And ths for the better underſtanding of this Conſetary, ithay 
be divided into theſe four parts. 


1. As ſine compl. the firſt baſe, ts ſine compl.the fecond : ſo ſine compl. 


the firſt byp , to ſine compl. the ſecond. 
F T7 hg for the 3 and 57. Caſes following, 
2 . As "the ſine of the firſt. baſe to the ſine of the ſecond: ſo tangent 


compl. the firſt angle at the baſe, to tangent compl. the ſecond, 
| 5 Which fre for che 4 nd 10. Caſes, 
3. As the ſine of the firſt angle at the ndicular, to the 
the ſecond: jo ſme compl. is firſt angle at the baſe, to ſine ve. wad 


the ſecond. 
| Which ſerves forthe 5 and 9, Caſes. 

4. As fine compl. the firſt angle, at the peryendicular, to fine comple- 
ment the ſecond : ſo tangent compl. the. firſt hypothenuſal, to tangent compl. 
the ſecond. 

, And this ſerves for the $ and 8. Caſes following, 

The words ( firſt and ſecond ) we here uſe, to diſtinguiſh the two 
right angled triangles. 

This ConſeCtary might. have been otherwiſe demonſtrated, as by 
producing the fides of the oblique —_ to Quadrants, &c, But I 
have the rather uled this form, that fothe deduCtion thereof from 
the 


Ce et ana. 
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the firſt fandamental Axiom before going might the better appear 3 
and this ground chus laid, we come now tothe eight Caſes thereon 


ing. 


Caſe 3. Two ſides, and their ' comtained angle given: to find 
the third fide. 


Let there be given in the firſt oblique triangle, 


The Poles elevation, complement AD, $51 deg} 327 
The ho. from noon 3, ho. 4.5". 44”, which in degreesis A 56 26 
The Suns declination northerly, complement AE, 15 79 


E 


Co 


£7 2 D A E D 


A 
And let there be required the Suns height, complement ED. 
Firſt, by the ſerench Caſe of right angled triangles, to find AB 
an . 
The hour from noon, A $6deg.26'cA + +742652 
The Poles elevation compl., AD "Wa 32 et AD tt vo 


The arch AD 243 3 t AB 5 8g 
The ſum or remainer of AB an AE EB. Went 

But here from AE 94.4. 5} Or if to-compl. AE r5 deg. 10 min. 

ſubſtraſting AB 23 43 we add AB 23 43 


_ 


A. 


There remains EB Fl O7 | we haye compl. EB os: 53 
_ ſo of the reſt, 


Secondly, 


76 


ſoils the Sf Wea ER 
wo.the fine of the Suns alcitude, & EDS 


3501 32 90937452 
:tz32z2 A 9.70900417 


2 Ex 

Let there be given in the fifth Triangle, 
The Suns declination northerly, compl, AD 15 deg. 10' 
The tony fem guen, $ 3005 "44's wine A 6 

in degrees is the angle. 3 26 
The Poles elevation complement AE 38 28 
And let there be required the Suns height, _= ED. 
The hw —— wk and EB A 

| noon, \g6 d. 26' 5c 7426520 

mo ADis id «: AD SE ge moe 
The arch AB6z3 53 tAB 10.3095715 

From which ſubſtrating AE 38 28 

there remains EB 235 25 


Secondly, for E D, the proportion is, 
As fine the firſt Sit; TY: ><. 47. 0.3563496 


ro ſine com ſecond arch found, 5: E B 564 3s 9:955$7890 


ſo is fine the Suns declination «AD 11s 10 94196837 
to fine the Suns alcitude. s£ ED $32 28 9.7258223 

Note. Co 4 difſerence between the artificial ſine here 
found and the fe mor o2 of their arches is lutle more than 


one tenth part 77 mn. airy eh, by negletti - econds and thirds 
ray went 1" ound A. B, He that deſires to onds way do it as 
we rn Chap.2. Seft. 8. of Plain Triangkes, But in theſe ex- 
aviples, we would not trouble Be mers with them at the firſt, it being ſuf- 
fieremt for ordinary occafions, 1 the work. be true * 4 minute. 
And after the form of either of theſe examples caleulare Tables 
OI oy inofd wit of the , by which Ta. 
be made the Quairans and Ring- Dials, and her inſtrumen- 
fixed Dials, that give the of the day by the Suns 


ik 
| 3: Example, 


Crigana __ 


wy hehe ray. 6 i op yl 
Fj 'TyY (8, 7, 
hoy nate the BE 333 "$3 9.997797g 


_  w— 


+2 wru——_— ; 


day. Trigonometty. Pe 
Let thize be give in the Fond oliqus tritngl, 


be Suns beig ht above the borizon, _y Ay 28' 
Ne TDAR, or rather the acute ang. BAD 72 24 
The Poles elevation AE 51 32 

a declio, conp!. ED. 


Firſt, for AB, and EB, 
The Suns azimuth from the Seth, A 12 d. 24' 6 A g.48og8s 
The Suns height, complemem, AD 32 28 tAD 10.1963704 


| ——— 


The arch AB2 25 8AB 9g. 6769089 
Whereto adding AE 3 28 G4 
The ſum is . EB63 $3 


Secondly, for E D, the proportion is, 
firſt found, s 
ay hone when on nw, SE -- - - 
gs 


9.6. 


ſo is the fine of the Sur height, «ADP = C132 28 9.7298199 
© —S 
to the fine of che Suns declinarion, JE D 51s 10 94176011 


The ſame - rehas retour s groen inthe ſixth triangle 
WNtrf mg fall ping" foxth triangle, 
And after the —_— if eerie examples, there may 4 third 
pin in thi wine, and any ther be reſolved : 
vols te 1 fourth wa triangle there be given, 
The Sn: declination, the tat helps abooy the herkn Ki God 
of the Suns poſition : to find the mom elevation. 
Caſe 
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Caſe 4. Two fides,.. d thelr contained angle giuen; to find 
"oxeof the othed althy,. 


Let there' be given in the ſecond oblique triangle, 4 
The Suns height abeve the horizon complement AD, 32 deg. 28' 


The Poles elevation," ** * © complement *'AE, 51 "32 


e anple A.- 6. 
© /© Antkt there be required. the-hour from noon E. 


FE: Firſt for AB, andEB. - - 4 
The Suns azimuth from the Solith, A 972 0. 24550 A 543; 
The Suns height, complement, AD 32+ 28 : AD' 10. 1564ho4 


The arch "7 AB 25 25t AB 9g.676908g 
- - The ſum or remainer of AB and AE, iSEB. 
But hereunto AB 25 deg. 2 SS V 
Adding AE 38 26 hk, 


{ OY ——R— — _ L A : 
_ i by E 9s Bk " 
Secondly, for E, by the fecond Cqnlectary, the proportion is; '. 
Ay the fine of the brit arch found, sAB 5 25d. as pu ar. aorrn h 


eo fine the ſecond arch found: xs TB(.2 \s63 5852 9.9532277 
ſo rang. compl. the azimuch tc AIZS<t 19 .36 9.5013 588 
to rang. compl. the hour - - te EA Ce33 3& -' © 9.8219289 


Whoſe compl.56 deg.26. min. converted inco tine, is 3 he. 45' 44” 
before or after noon, 43 C1] pine! of 
As the fine of the firſt arch found, i'r 
the. (ine of y'/ are arch —_— ® 
is the tang.,of the azimuth ' from Eaft or Weſt, 
- 1-14 Crothe Par 2, be hour frond rx. RE 
Oc by the 3.{ As the ſine of theſegond arch found, 
"Theorem of Ju to'the ſane of the firſt arch found : 
ch.4.of plain Y/o 55 the tang. of the azimuth from the Meridian, 
Triangles. & to the tangent of the how 'from noon. 
Note. The like variety may be uſed ja the next example; and alſo in 
the examples of the 6, 8, and. 10 Caſes, and partly in every Caſe ; 
. Which having here briefly noted, we-ſhall leave co your own pra- 
Aice, as your occaſion requires, - | ' 


Or the pro- 


2, FE xam- 


I 
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Let there be given:in thefiſth Triangle, 
The Suns declination northerly, complement AD 15 deg, 10' 
The ho.from noon 3 ho« 4.5" 44” which in deg.is A 56 26 
The Poles elevation, complement AE x1 32 
And let. there be required the Sens azimuth E, 


B 


AJ 


E 
Ec >, AE s 


To LF Firſt, for AB and EB. | 
The ho, from noon in degr., A 56 deg. 26' 3 A 9.74265210 
The Smns deelinat. compl. AD 15 160 t AD 10.566919g 


The arch AB 63 53 t AB  10.3095715 


Or unto AB6; 53 
Fcom which ſubtrating AE 3% 28] Adding com. AE rt 32 


The remainer is EB 25 25 | Sumis EB 25 25 
Secondly for E. 

As the fine of the firſt arch found, £s AB s 63 &. 53' Cv. a. 00467923 

ro ſine the ſecond arch fougd, s EB(-2 \s 25 25 $63 26576 

ſo is tangent compl. the hour, tc A 5 : 33 34 $.8218803 


— 


to rangent compl. the azimuth, tg E 8 19 36 9.5013102 


Which 17 deg. 36' is the Suns atimuth from the Eaſt or Weſt, and the 
complement thereof 72 deg. 24', ws the Suns azinuith from the ſouth, 
whoſe complement to 180 deg. that is, 107 deg. 36' # his. azzmuth, 
from the North. : | wad 420 & 
Hence might Tables be framed ſhewing the Suns azimuth for very 

By 


hour of the day, ' and for ſeveral ſeaſons of the year, whereby may 
made the Dyals rendring the hour by the Suns azimuth. 


= . 
- - 
- 


> 


Bo 


Trigonometry, 
By imitation of either of theſe evan there may four other queſtions 
51 thi triangle, and ſo of any other be reſolved : A: 

3. If there were given in the firſt oblique triangle, 
The Poles elevation, the hour, and the Suns declination; ro find the Suns 

angle of poſition. 

4. If there were given in the third triangle, 

The Suns declination, y Suns angle of poſiion, and the Suns beight : to 


on were dtin the Fourth triang 
angle Aeſnion, and the Suns Sa dn to find 


6. If ther erigiven 5 in the ſaxth tri 
The Poles elevation, nh, and the Sur es wh to find the angle 


of cave S-pps poſition. 


Caleis/Agi lesy and the Tie between thew given: to find 
the third 


= Letthere F FY in the firſt T8 GOT 4). 


The Polet elevation, complement AD 51 deg. 32' 
T be bo. from noon 3 9 .I945 44” which in degreesis A 56 w 26 
The Suns azimuth, D _ 36 


And let there be required the angle of poſition, E. 


Firſt, for the angles BD A and BDE, by the ninth Caſe of right 
- ed triangles. 


The Poles elgvation, compl. ab 51 d. 32''s AD 9.8937452 


The hour from noon 56 26 8£ A: 10.1581197 
The angle BDA40 17 tcBDA 10.0718649 
The fum or remainer of BDA and D, is BDE. 
But here from D 107 d. 36 
ſubſtrating BDA 40 1 
remainer is BDE 6 


Secondly, for the an E, by benno, 
fine of the firſt 


27425 __ 


” 
52 &S pagro7go 


There- 


w fine compl. the angle of polition, 5: 


BookIT. 


As the - mn ney > hy 19" (6.47.0.1 | 
to the fine of the ſecond angle P —_— 
Þ is the fine cap. the hour, 5 

s 


ay Td 


ta. ac 
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Therefore the angle of poſition E, is 37 deg. 55 min, 
The ſame might be found by the ſame things given in the ſixth 
—_ _ the perpendicular falls from che Pole, as here from 
the Zenith. 


And after the form of this example, there may two other. queſtions in 
this triangle, and ſo in any other be reſolved: As, 
2. If in the ſecond and fourth triangle there were geven 
The vp altitude, the Suns ecimech, and angle of poſition: to find the 
3+ If in the third and fifth trianzle there were given 
The Suns _—_ the howr and angle of poſition: to find the Suns 
azmuth. 


Caſe 6. Two _ and the ſide between them given: to find 


one of the other ſides. 
Let there be given in the firſt oblique triangle, 


The Poles elevation, complement AD, 51d. 32 
The ho. from noon, 3 hos 45" 44”, which in degrees is A, 56 26 


The Suns azimuth from the north, the obtuſe angle D, 107 36 
Aad let thcre be __ the Suns height, compl. E D. 

Firſt for the angles BD A, andBDE, 
T he Poles elevation, compl, AD x19. 32' 5 AD 9g.8937452 
The oy ns. =p al A 56 26 : A 10.1781197 


The ang le BDAzo 17 tc BDA10.07918649g 
The 
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The ſum or remainer of B D A and D, is BDE. 


But here from D 107 degs 36” 
ſobſtrafting BDA4zo 17 
The remaineris BDE 67 | I9 


Secondly, For E D, 
As fine compl. the firſt angle found, 5 BDA $49 43" £6. 47. 01175592 
ro fine compl.the 2d. angle found, s- BD &(-= s-22 41 9. 5861794 
ſo is cravgenc the Poles elevation, tc 4d Dean <t51 32 Io. ogg9g135 
= | 


to the rang. of the Suns altitude, tc ED t 32 28 98036501 
Note. By imitation of this example, there may five other queſtions 5n 
this oblique triangle, and ſo in any other be reſolved, as 
Fj e were given inztbe triangle, 


the Suns aztwath, anil the hour from moon : to fond 


3. wen in the ſecond triangle, / . 
s beight, the azSmuth, and the angle of the Suns poſition ; to find 
the Suns declination. | | 


If. there were given in the fourth triangle, 

The Shu > wh the year; and the angle of the Suns poſition : to 
find thy Poles tlevation. ll 

The $66 clint, the bet nts plete 
« Suns declination, otr, and the ang le,of the Suns poſition : to 
the altitude of the Pole, ph FR a oe 

6 If in the fifth triangle there be given, 

The Suns declinationy the beur, and the arg le of the Suns poſition : to find 

the Suns altitude. 


Caſe 7. Two ſides, with an angle oppoſite to one of them given : 
to find thethird ſide. | 


Let there be given in the ſecond oblique triangle, 
The Smns beight above the horizon, complement AD, 32 deg. 28' 
The Smns azimuth, namely, the acute angle at As 72 24 
The Suns declination northerly, complement ED, - 15 10 
And let there be required the Poles eleyation compl. AE. 


Firſt 


Chap. V. Trigonometry, $3 
Firſt, for the arch A B. 


The Suns azimuth , A 72deg. 24' « A 

| - 26-@ 4 9.4305385 
The Suns height, complement, AD 32 25 t AD apo 
The arch firſt found AB 2; 23 ' AB 9.5765089 


Secondly, for E B, andſo for AE. 


As the fine of the Suns height, « AD 1324. 28' co. &. 0.25018 
to the fine of the Suns deckinae s ED ... 515 10 eredhe, 


ſo {ine compl.the firit arch found, 5c A B F-] $64 35 9+ 9557850 


to ſine compl. the 2d arch found, 15 EB FC 5:26 07 9.6436530 


So that the arch E B, 1s 63 deg. 53 min. 
The ſum or remainer of ABandEB, is AE. 


But here from E B 63 deg. 53" 
SubſtraCting . A 8 25 25 
The remainer is AE 38 25 the lide required. 


2. Example. 
Let there be given in the ſixth triangle, 
The Poles elevation, complement AD '51 deg. 32 
The Suns azimuth from the meridian, the acute A 
angle at $ 79 *s 
The Suns declination Northerly, complement E D 1g 10 


And let there be required the Suns height, compl. A E. 
M 


Firſt, 
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Firſt, for tkeArch AB. 
The Suns azimuth, A #72 deg. 24 Arc 9.4805 385 
The Poles elevation compl., AD - 51 32 tAD g.gcoo86y 


Secondly,for E B, and ſo for AE. 
As the fine of the Toles elevation, & AD) «C xs 510. 32' co. 8. 0.1062548 
to the ſine of the Suns declination, -sc 'ED{ = Ys 15 16 9.4176337 


ſo ſine coinp!. the firſt arch found, 5© AB £ s 76 294 9.9578163 
to ſine compl. the ſecond arch found , 8& EB E , $18 573 9.5117548 
So that the Arch | EB 15791 d, 02% 
From which ſubſtraCting AS ug © $07 
he remainer Is AB Y7 23 


Whoſe compl. 32d. 28' is the Suns height required. 
Oriftocompl. EB 18d. 575% 

Note. Youadd AB 13 30; 
You have cowpl. AE 32 28. the Suns height required. 

I ſhould digreſs too much , if I ſhould ſhew all the uſes whereunto the 
queſtions falling out in this *one triangle might be applied : ſome-of the 
principal I thought $900 to point at, that I might give occaſion of exer- 
ciſe , eſpecially in rheſe latter Caſes , being ſomething harder than the 
reſt. 

Thus by this Propoſition you may for one day, in any Latitude, find how 
many” degrees above the Horizon the Sun will be upon any point of the 
Compaſs ; and thereby the variation of the Compaſs. | 

As admit , being in the Latitude of 51 deg. 32 min. Northerly, 1 
find by the T ables for that purpoſe the Suns declination Northerly , for 
ſome day, to be 15 deg. 10 min. And I wonld know how high the Sun 
will be that day being upon the Eaſt South-Eaſt point of the Compaſs , 
that is 67 deg. 30 min. from the Meridian. Here working according 
ro the former example, I find the Suns height tobe about 35, deg. 33. min. 
therefore I obſerve with Staff, Quadrant , or other Inſtrument , tiff I 
find the Sun to bez5 deg. 33. min. high, and then « the Sun Eaſt 
South-Eaſt, Wherefore at that inſtant ſetting the Sun with my Compaſs, 
if I find it to be upon the Eaſt South-Eaſt point , then hath it no variation : 
if it differ, look how much that difference ts, ſo much # the variation. 
Which whether it be Eaſterly, or Weſterly, may be known by the Rule be- 
| fore given after the 12, Caſe of the third Chapter of right angled ſpherical 
Triangles. oO 


: 
. 
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By this Propoſition alſo are the azimuths drawn on thoſe quadrants 
that gives the Suns azimuth by his altitude, and fo on thoſe Dyals 
; thatdo the like. 
And after the form of either of theſe Examples, there may four other 
Queſtions in this oblique Triangle, and ſo in any other, be reſolved. As, 
3 If there were _ in the firſt oblique Triangle, 
The Poles elevation, the hour from Noon, and the Suns height : to find 
the Suns declination. 
4 If there were given in the third Triangle , 
The Suns declination, the Suns Angle of poſition, and the Poles elevation : 
to find the Suns height. © 
If in the fourth Triangle there were given , | 
The Suns height, the Angle of the Suns poſition , and the Poles elevation : 
to find the Suns declination. 
6 If in the fifth Triangle there were given , 
The Smns declination, the bour from Noon, and the Suns height above the 
Horizon : to find the Poles elevation. 


Caſe 8. Two ſides, with an angle oppoſite to one of them given : 
to find their contained angle. 


Let there be given in the firſt oblique Triangle, 


The Poleselevation, compl. AD, 51 deg.32' 
The ho. from noon 3 ho.4.5'-4.4",which in degr. is A, 56 26 
The Suns altitude above the Horizon, compl, E D, 32 28 


M 2 And 
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Book TI, 
And let there be required the Suns azimuth from the North, D.. 
Firſt, for the angle B D A. 


The Poles elevation compl. AD x$5id. 32' « AD 9g.8937452 
The bour from noon, A 56 26 t A 10.1781197 


The firſt angle found BDA 40 17 tcBDA 10.0718649 
Secondly, for B D E thepropertion is, 
30.47. Or 
As tang. of the Poles elevation, tc AD & /t51 d. z2' dr ADg goooss 
to tang. of the Suns altitude, uu ED LL \t32 28 G. $026196 
ſo ſine comp.the tirlt ang.found, 5 BDA S $49 43 9.5824428 


to ſine comp. the ſecond , « BDE \F* ( 222 41 95861559 
The ſum or remainer of the firſt and ſecond angles found, namely 
of BD A and BDE, «the angle required D. 

But hereto BD A 40d. 17' 

Adding BDE 67 19 

The fſumis D - 107 36 theSunsazimuth required, 

2. Example, 
Let there be given in the ſixth triangle, 


The Poles elevation , complement AD F514) 32” 
T he Suns azimuth from the meridian, the acute angle, A 72 26 
The Suns declination ; compl., ED 15 10 


And let there be required the hour from noon, D. 
Firſt, for the angle BD A, 
The Poles elevation compl, AD 5id. 32' & AD 9g. 38937452 


The Suns azimuth , A 7: 24 £ A 210.4036412 
The forſt angle fourd , BDA 22 03 tc BDA. 10.3923364 
Secondly, for BDE the proportion is, 
. £047. or 
As tang. ofthe Poles elevatian, is AD) «C 1519. 327 21 A D g.g000865 
to tang.of the Suns declination, tz« ED{( *—* Yt15 10 9.43 30304 
ſo fine coni.of the firlt ang. found ic BDA F- $67; $7 9. 9670125 
to fine comp). the ſecond, ws BDE FC, 1 31 9.3001794 . 
So that B DE is 78d. 29 | Orif unto BDA'22-03, you 
From which take BDA © 22 03 | addco. BDE 11-31,the ſum 
The remainer is D. 56s 26 | isco.D33-34;the ho.from.6, 


Which 56 deg. 26' converted into time, is 3 ho. 45'44”, from noon, 
that is, 14' 16” after eight of the clock in the forenoon, or 45' 44” 
after three of the clock in the aftergoon. And. 
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hour and minute of the Suns pon every. . point of the Com- 
paſs : whereby you ſhall maniteſtly ſee the error of the common Rule, 
of bringing 32 to 24. 
By imitation of either of theſe Examples, there may fonr other 

Queſtions in this triangle, and ſo of any other, be reſolved. As, 

3. 1f in the ſecond oblique triangle there were giuen, 
T he altitude of the Sun, the aZimuth, and the Suns declination © to find the 
' angle of the. Suns poſton. y 

4. If mthe third triangle there were given, 


And thus in any place, po &:y. yg may frame a Tableof the 


The Suns declination, the angle of poſition, and the Poles elevation "10 


find the hour, 
5. If inthe fourth triangle there were given, 
The Suns altitude, the angle ofdoſirion, and the Poles elevation : to find 
the Suns azimuth, 
6. If in the fifth triangle there be given, 
The Suns declination, the hour,'and the altitude of the Sun above the Hori- 
z0n : to find the angle of poſition, 


Caſe 9. Two angles, and « te t0 one of them gives : 
find the third enghe fude oppoſi f. Mare :f0 


Let there be given in the ſecond oblique triangle 
The Suns height above = Horizon, complement x A D 32d. 29 
T he Suns azimuth from the meridian, the acute angle A 38 
The hour from noon, 3 bo. 45'--24", which in deg. 1s E 56 26 
And let there berequired the angle of pokition, D Firſt, 


=, 
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Firſt, for angle B D A. 
The Suns altitude compl. AD, 32d. 28' AD 9,7298197 
The Suns azimuth , A 72 24 t A 10.4986412 
The angle firſt found , BDA. 3o 35 tcBDA 10.228460g 


Secondly, for B D E theproportion is , 
As ſine compl. the azimuth , AY pefi17d.36' co.47. 05194615 
to finecomp!l. the hour from noon, scE/ = \ 523 34 9.7420520 
ſo the fine of the firſt angle found, s BD A b- $329 35g 9.5065 394 
[) 


$63 30 9.96865 29 


to the line of the ſecond , sSBDE 


The ſum or remainer of the firſt and ſecond angle found BDA and 
B DE, is theangle D required. 
But in this Example, from BDE 68d. 30' 
ſubſtrafting BDA 30 35 


The remainer is D 379 55 theangle of poſition re-. | 


| (quired, 
After the form of this Example , there may five other queſtions in this 
oblique Triangle, and ſoin any other, be reſolved. 
2 If inthe firſt oblique Triangle there be given , 
The Poles elevation, the hour from noon , and the angle of the Suns poſition : 
ro find the Suns azimuth. 
3 If there were given in the third Triangle, 
The Suns declination, angle of poſition , ay the Suns azimuth : to find 
the hour from noon. 
4 If there were given in the fourth Triangle, 
T he Suns altitude, the angle of poſition, and ihe hour from noon : to find 
the Suns azimuth, 
s If in the fifth Triangle there be given, 
The Smns declination, the hour from noon, and the Suns azimuth : to find 
the angle of the Suns poſition. 
6 Jf there weregiven in the ſixth Triangle, 
The Poles elevation, the Suns azimith, and the angle of the Suns poſition : 
to find the hour from n00n. 
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Caſe 40... Two angles, and « ſide oppoſite to one of them given : to find 
the fide between them. 

there be given in the ſecond oblique Triangle , 

p The Suns height above the horizon complement AD, 32 deg. 28 


| The Suns azimuth from the merid. the acute angle A, 73 24 
| The ho. from noon 3 b0.45/-44”, which in degr. is E, 56 26 
| And let there be required the Poles elevation compl. AE. 
B * 
D £ >& © D 
f! E Y 
_ 
XN 
p- B 


: Firſt, for the Arch AB. 
| The Suns height, complement, AD 32 deg. 28' t: AD 10.19637c4 
The Suns azimuth , A 72 246 8 A 9.4805385 


| The arch firſt found, AB 25 | 25t AB _,9.6769089 
Se 


| condly , for EB _ 
| ; £0. &., Or 
| As tang. compl. the Sens azimuth, © A # 17 d. 36 2rA 10.49586412 
\q to tang. compl. the hour, weE\L\rt332 24 9.821 8803 
f fo the fine of the firſt arch found, sAB<& & < 325 25 9.6326576 
= 
tothe fine of the 2d arch ſound, * sEB \* Ce62 5 949531791 


3 
| The ſum or remainer of the firſt and ſecond arch found (A B and 
' E B) isthe fide required A E. 

| But here from E B 63 deg. 53' 

Subſtrafting AB 325 by 
| Theremainer is AE 38 2 | 
Which is the complement of the Poles height required, 51 deg.3 4 


CET 


By imitation of this Example , there may five other Queſtions in this 
hlizn Triangle, and ſo of any other be dt As, uf 
2.. If in the firſt oblique Triangle there were given , 
The Poleselevation, the hour from noon, and the angle of the Suns poſition : 
fo find the Suns declination. 
3. If inthethird Triangle there were given, 
1 he Suns declination, the angle of poſition, and the azimuth : to find 
the Suns height above the horizon. 
4. If inthe fourth Triangle there were given, 
The Suns altitude, the angle of poſition, and the hour from noon : to find 
the Suns declination. 
$. If there were given in the fifth Triangle , 
T he Suns declination, the hour from noon, and the Suns azimuth : to find 
the Poles elevation. | 
6. If there were giten inthe ſixth Triangle , 
The Poles elevation, the Suns azimuth , and the angle of poſition : to 
find the Suns altitude above the Horizon, 


And thus it is evident how in this oblique Triangle, and ſo in any 
other, there may be framed 54 Queſtions of the Sphere; there-are 
alſo ſix more, which we ſkall-touch hereafter ; but theſe 54 are re- 
duced, as we haveſhewed to ten Caſes, and thoſe ten Caſes totwo Con- 
ſearies,which two ConſeQtariesare deduced from the firſt fundamen- 
tal Axiom ; ſothat the rgſolution of all the Caſes and Queſtions hi- 
therto handled, whether inright or oblique angled ſpherical triangles, 
depend upon that one Axiom, and may be.thereunto reduced. There 
remain (as is ſaid) fix other Queſtions in this oblique triangle (and 
the like in any other) which are reduced to two Cales, namely, whea 
three ſides are given, to find an mp ; or three angles given, to find 
a ſide. And theſe alſo might well bereſolved by the grounds before 
laid, without adding any more; but. becauſe the ways deviſed by the 
Lord Nepair are more apt for this purpoſe, we will make uſe of 
them. 

And as we have ſhewed the reſolution of the 8 Caſes laſt before- 
going , by help of a perpendicular ; the ſame might have been done 
by drawing inſtead of the perpendicular, a quadrantal fide : fo re- 
ducing the triangle given rotwo; quadrantal triangles. But this we 
muſt now leave to your practice. | BN 

CHAP. 
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Chap. VI. Trigonometry, I1 
CHAP. Vh;- 
The eight laſt Caſes of an obligue Triangle , reſolved by finding 
the perpendicular. 4 alto Ih 
He reſolution of theſe eight Caſes, hath ufaally been at three 
operations, though (as we have ſhewed) they may be done at 
two; yet becauſe the way at three operations is more eaſily under- 
ſtood, and is more immediately performed by the firſt-general Axiom, 
without reſpect to the ſecond ConfeCtary ; and becauſe in many que- 
ſtions you have occaſion to know the quantity of the perpendicular: 
therefore we ſhall here ſhew rhe reptatzen of rey ae. 7 Caſesa = 
operations, briefly and plaiuly ; to the atiaQion tome Oo uch 
Ker of obſcurity in the former. -s 
Firſt then, the oblique triangle isto be reſolved into two right an- 
gled triangles by a perpendicular as (before ) namely, that whereas in 
every of theſe eight Caſes there is givenan angle, and a ſide adjacent 
tothat angle, you are to | 


1. Let fall the * -rpaempenns from the end of that ſide given, 


0 eto that anzte. 
ppojo And hn when that ſufficeth not , 


2. Let it fall alſo oppoſite to the angle required: (as in the 
fourth Caſe) or oppoſite to the ſide required ( as inthe ſixth.) 


Accounting (as before) the ſides and angles that arenot adjacent, 
to be oppoſite. 

. And for helping your memory, you may (as is aforeſaid inthe-firſt 
Caſe of Spherical Triangles) mark the ſides or angles given with a 
daſhthus _—, and that required with an o, or cypher, or with three 
pricks thus : 

And here we might mark the triangles with the ſame letters as before, 
namely,that whereas there is always$(as I have ſaid )an angle given,and 
a ide adjacent tothat angle, you may mark tne ſaid angle given with A, 
and the adjacent fide given with A D, and the angle remaining with E, 
and the ndicular with DB. but becauſe there is no neceſbity that 
a man ſhould hold himſelf always to that form (as I have beforenoted) 

we will here mark the ſame triangle with other letters at ny” ** 
N Wl 
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with F G H, then the perpendicular falling from &, or F, or H (as 
the Propoſition in hand ſhall require} reſolves it into two right angled 
triangles, in.one, of which there 1s given the hypothenufal and. angle 
at the baſe, whereby you may find firſt the perpendicular ; ſecondly, 
the baſe or angle of the perpendicular : Or you may firſt find the baſe 
Qr angle at the” perpendicular ; ſecondly, the perpendicular, 


y 


The firſt fundamental Axiom we will here again repeat, being as 
fvllaweth :_ 


Of the fre circular parts 112 4 right angled ſpherical triaxgle. 
T he ſine of a middle part, with Radius, ts equal to the tangent of 


the adjacent extreams, ' or to the fines Complement of the oppo- 
ſute extreams. 


Hence we reſolve theſe eight Caſes in manner following. 


Caſe 3. Tmwoſides, and their contained angle bring given : to 
find the third. fide. | 


Dat. GH 35d: 2%, FH74d. 50), H 56d. 26', required FG. 
Here in the firſt triangle, from G the end of the ſide G H given be- 
ing adjacent to an angle given H, TI let fall the perpendicular G B op- 
polite to that angle : and ſo we have two right angled triangles,GBH, 
and GB F; and in the firſt there is given the hypothenuſal H G, and 
theangle at the baſe H, by which to find the perpendicular G B, I ſay: 

by this Axiom. | 
s G B--Rad =+ G HH, therefore from 5 GH <þ- 5 H fubſtra- } 
ting Radius, the remainer'is 7G B; or toavoid ſubſtrattion, add un- 
tos GH-+- 5H the complement arithmetical , ( which for Radiug 
Iz 
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is 00) leaving out Rad. or the firſt unite in the ſum, ahd ſothe work is 


as followeth : 
;GH 38deg. 28' 9.7938317 Secondly, for the baſe B Z, ſay 


5H 55 26 9g.g207717 i H-Rad. =rcG H-þ 


5GB 31 13 29.7146034 tB H, and ſothe operation Rand: 
thus as beneath. q 

tGH 38 23 9.9060065 The ſum or remainer of 8 # 
5H 56 26 9.7426520 and F H is F B. 


tBH 23 43 9.6427385 But here from F H74 deg. 50' 
ſubſtrating . B H 23 42 
there remains FBg1 C7 

Thirdly, for the ſide required F G, having & B and F 8 fay cF G 

— Rad. =5c G B-þ-:c F B, and ſothe operation ſtands thus. 

GB 31deg.1z3' 4G B 9g.9320746 

FB 51 o7 «CcFB 9.7977775 


FG 57 32 icFG g.n2g98521 
Which 57, 32, is the ſide F G required. io4 

And as in this firlt Example, the perpendicular was let fallfrom the 
angle at G, fo it might in'this Caſe have been let fall from the angle 
at F, asinthe ſecond Triangle, and in this ſecond Example. 

Dat. F H 74d. g-', H56d. 26', G H38 28, required F G 
Firſt, for the perpend. F Blay, s F B-|-Rad.=s F H--s H 
Secondly, for the baſe, B H ſay, « H+-Rad=tc F H-l-rB.#, 

And BH—-GH=BG. .- F 2-381, Th 
Thirdly, for the ide required $.& fay,7F'$6-LRet=7FBTIBG. 
The Operations are as felloweth.” ” 

I FH 74d.59' s F Hg.9846033 I. FH7450tFH 10.5669195 


H 56 26 * Hg.g207717 H 5626ic H 9g.7426520 
FB 53 32 *sF Bg.gogz750 © B Hs; $3tB H 10.3099516 
—G H3$28 ps: 
BG 25 25 
I. FB 53 deg. 32' FB 9.7740459 
BG 25 25 &BG g.g557090 
F G. 55 22 «FG 9g.7298349 


Which 37 32/is the ſide required as before. 
N 2 Third 
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—_ | "hy 
Dat. FG x7 d. 32', GH 38d. 28'; G, or rather the acute angle 
BGE 26 24' required F H, : 
The perpendicular may fall from F or H, but here we let it fall 
from F as in the ſecond triangle. 
Then for the perpendicular F B, fay, F B--Rad= 5F G-|- 5 G. 
Secondly, for the baſe BG, ſay, 5 G4-Rad=rc FG4-e BG. 
Thirdly, for the fide requiret FH, fay, «-F H-Rad =5c BF-|- 
i B H. 
4 The Operations are as followeth. 
sF G 9g.9261901 #*FG 10.1963704 5cBEF 9g.7740459 
s G 997917938 «x G g.4803385 «BH y9g.6436504 


— 


5FB 9.90533699 TtBG g9g.676g08lg wxFH g.4176963 


FB 53d. 327 BG 25d. 25' F H 74 degrees, 50 
GH 38 238 min. the ſide re- 
BH 63 53 quired, 


Inthis, and the other Caſes following,having by the firſt Operation 
found the Perpendicular, you may uſe it in the fecond Operation as 
one of the two things given, which we ſhallnot need to exempliſie. 


_ 
© | OS GK 
. 8B HF | 
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Cafe 4. T wo ſodes, and their cont ained angle given : to findone 
of the other angles. 


Dat. FG 57d. 32, GH334d. 28”, G1o7d. 36', or G acute 
72d. 24 —_— the angle H. 
In this Caſe the perpendicular falls only from F ( as in the ſecond 


triangle) andſo is oppoſite to the angle given G, and to the angle re- 
quired, H, 


Firſt, 
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Firſt, then for the perpend. F B, fay 5 F B4-Rad= 5 FG+7G. 
Secondly , for the baſe BG, ſay «© G+-Rad=reF G-+rBG, 

The ſum or remainer of B Gand G H,is BH. 

Thirdly, for the angle required H, ſay, BH+ Rad = £ FB + 
tc 
And accordingly we order the Operations as followeth. 
L FG 57d. 32's FG g.9261991 I. F6&yg7d.z32'tFC 10.1963704 


G 72 24s Gg.9991798 G73 24 5c G 9.4805385 
FB53 325F Bg.g053699 BG2; 25tBG 9g.676g03g 
+ GH33 25 
B H63 53 


II. FB 53 32 tcFB 9g. 8686804 
BH 63 $3 5s BH 9g.g532278 


H 56 26 © H 9g.$8219582, which 56 deg. 26 min. is 
the angle required. hy 
Second Example. f 
Dat FH74d.5e',G H-g8d. 28%, H $64. 26', requiredG, here in 
the ſecond triangle as before. 
Firſt, for the perpendicular, F B. ſay, s F B-Rad = F H-þ 5H, 
Secondly , for baſe, BH, ſay, is H+Rad= rr FRB 
And B H=-G H=BG. 

Thirdly, for the angle required G, ſay 5B G-þ Rad= + F B-{- 


rt co, 
And accordinglythe Operations are as followeth. 
I. « F H 9g.9846037 I. e FH 10.566919g. 


s H 9.9207717 s # 9.742652, 
s F B 9.9053750 t BH 10.3095716 
Sis F Bgz d. 32 B H 63 53 | 
BG 25 25 


Bl. ic FB 9.8686804 
s BG 9g.6326576 


is 6G 9.5013380 Do 
$o is\G 724. 24, or G obtuſe 107 d, 36' the angle required. 
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the third ak 


the perpend. BGH and BGFS 
The ſum or remainer of G and BGH, is BGF. 
Thirdly, for the angle required F, ſay, 5c F-Rad= s BGF-j-:c BG. 
The Operations are as followeth. 


Book1T, 
Caſe 5. Two angles, and the fide between them given : to find 


Dat H. 56. d. 26'; G 109 d. 36, G H 38 d. 28', required the angle F. 
In this Caſe the perpendicular may fall from G or H, as here from G, 
Firſt then, for the perpend. G B, ſay 5 G B+Rad= 5G H-þ 5H. 


Secondly, for the- angles at f ſay xc G H+Rad= tc Htc BGH, 


B. 
R > &.R 
F =B ; 

I. :GH 38d. 28' 9.7938317 I. © Hyg56d.26' 10.1781197 
s H 56 26 9.9207717 ie GH 38 28 g9g.8937452 
s5GB 31 13 9.7146034 tcBGH4o 17 10.0718649 

fromG 107 36 


leaves BGF 67 19 
HI. 5BGF 67 19 9g.9650371 
56 BG 31 13 9.9320746 


ie F 37 559 9.5971117 
Which 37 d. 55' is theangle at F required, 


Caſe 6. Two angles, and the ſide betwen them gives © to find one 
of the other ſiaes. 


Dat. GH 38d. 28”, H56d. 26',G 107 d. 36', required F G. 
Let fall the perperidicular from G as in the firſt Triangle; for ſo it 
falls from the end of the ſide given GH, oppoſite to its adjacent angle 


givenH, and alſo oppoſite to the ſide required F G, as in this Caſe it 
ought todo, Then, | 


} irſt, 
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Firſt, for the perpend. GB. ſay, 5G B-þ-Rad=s W-l-s G H. 
Secondly; for the Angleat the perpend. B G H,fay, «© 6 H-Rad 
—eH--rc BGH, the ſum or remainer of G, and BG H-is B G F. 

Thirdly, for the ſide required F G, ſay, « BG F-4-Rad=: B G-|- 
tc FG. 


”, a——OREmrs 


The Operations are as followeth. 
I. ;H y6d. 26' 9.92077179 IL r Hg6d.26 10.1781197 
s5GH 38 28 9.7935317 ce GH38 28 9g.8g37452 


s:GB 31 13 9.7046034 tic BEH 40 17 10.0718649 
from G 107 36 
reſts BGF 67 19 
h Hl. ao. 3G_ 31 13 10.2175136 
| © BGF 67 19 9.5861795 


reF& $07 $3 9.8036931 
Which 57 deg. 32', is the ſide required, 


Caſe 7. Two ſides, with an Angle oppoſite to one of them given : 
to find the third ſide. 


| Dat. FG57 d.32', FH74d. 50", FGH 1074. 36, or its com- 
plement to 180 degrees 72 d. 24' required GH : here letting fall 
the perpendicular from F, as inthe ſecond Triangle. 
Firſt, for the perpendicular F B, ſay, 5F B--Rad=s FG-{-s F GB. 
Secondly, for the baſe BG, ſay, « FGB +Rad=trc FG +t BG. 
| Thirdly, for the baſe BH, fay, «F H +Rad=*cFB--5#BH. 
' The ſum or remainer of B G and BH is G H, the fide required. 


The Operations are theſe. 
I. : FG 57d. 32' 9.9261901 II. tFG 55d. 32) 10.1963704 
:FGB 72 24 9.9791798 ie FGB 72 24 9g.48053585 


- z T WO = WV - 


iFB $53 32 .9.9053699 t BG 25 25 g9g.676g08g 
| III, Co. ar. & F B53 d. 32' 10.2259541 
OF 74 Fo 9g.4176963 


ic BH 63 53 9.6436404 
—BO 25 25 
reſt GH 38 258, which is the fide required. 


Second 
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: Second Example. 
In the third triangle: 


Dat. G H 38d. 28', F Hyd. go', G© or rather BG H 124d, 


24 ired F G. 
Firſt, for the perpendicular B H, ſay, 5 B H-Rad = G H... 

s:B G6 H. | 
Secondly, for the baſe B G, fay ic BG HARad=rc G H-+tG B, 
Thirdly, for the baſe B F, ſay, i F H+ Rad=5c B H+ 5c BF. 
And here from B F, ſubſtraCting B G, there remains F G required. 

The Operations. 

I. « G H 38d. 28' 9.793383179 ll.s GH 38d.28' g.g0cogs6s 

s BGH72 24 9.9791798 5c BGH 152 24 9.480538x 


s B H 36 22 9.7730215 t BG 13 30; 9g.3806250 
ITI. Co.ar.sc. BH 36d. 22' 0.0940753 
ie FH 74 $50 9.4176963 


«© BF 71 o2, 9g.5117716 
—B8BG 13 30% 
reſt FG 57 32, which is the fide required. 


G& of % 
T B HE H 


Caſe8. Two ſides, with an angle oppoſite to one of them given: to 
find their contained Angle, 


Dat. GF 574. 32, G H 38d. 28, H564. 26', required GC. 

Let fall the perpendicular from G, as in the firſt triangle. 

Firſt, for the perpendicular G B, fay , 5G B-HRad=s G HH. 

Secondly, for the angle BG H, fay, «© G H-þRad= ic H 
icB GC H. 

Thirdly, for the angle BG F, ſay, i BG F+ Rad=t BG-+tc CF. 


The ſum or remainer of BH and B G F is the angle at G rogues 
e 


| 
' 
: 
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| The Operations are asfalloweth. « 

1. +GH 38d 28' 9.7938317 Irs Hy56d. 26 101981197 
s H $46 26 9.9207717 GH 38 28 9.8937453 


| i GB 31 13 9:7146034 tr BGH 40. 17 10.0918649 
Ill. « BG 31d. 13' 9.7824064 
rs GF 57 32 9-8036296 


is BGF 67 19 9.5861160 
+ BGH 40 
G 107 36, whichis the angle required. 
2 Example, in the third triangle. 
| Dat. F H 74.4. 50', G H, 38d, 28', theacuteangle at G 720. 
24', required the angle at #, thatis, F HG. 
Firſt, for the perpend. 3 #, ſay, 5 BH-{-Rad=s BG H-{v GH. 
Secondly, for the angle BH G, fay , ix G HRad=rc B G H-þ- 
te BHG. 
Thirdly,for the angle B H F, ſay, ic B H F-Rad=e B H-+-rc FH, 
The Operations follow. 


I. 5: BGH 7529. 24. 9.97991798 Nr BGH 12d; 124% 10.49%6413 
s GH 38 28 9g.79338317” -CGH 38 ' 28 9g.8937452 


7: oT———— 


_ 
d 


s BH 36d.22 9.773015 tc BGH 22 03% 10.3923855 
Ill.e - BH 36d.22' g.8670937 | 

te FH 74 5o 9g.4330864 
5 BHF 78 29% 9.3001741 

—BHG 22 oy 
reſt GHF $56 26, the angle required. 


Cale 9. Two angles, and « fide oppoſite to one of them gives : to 
find the third angle. prof 4 . 


Dat. FG 57d. 32, G acute 72 d. 24', H 56d. 26', required F. 
| Let fall the perpend. from F, as in the ſecond triangle. 
Firſt, for the perpend. F B, ſay,s F B--Rad=5F G-þ-r F GB. 
Secondly, for the angle BFG, ſay, «« FG+Rad=rc G-}- 1c BFG. 
Thirdly, for the angle BFH, fay, 5« H+Rad = 5c F B4-« BFH. 
The ſum or remainer of BF G and BFH, is G F H required..* a 
Oo e 


Wi | RoakY. 


p I. yy 4 N* £3 one Fig 24" \ as 
| AR #0 7, a2 1g-98197 


s FB tc BFG 3Q , 3s N10-z284610 
Tow we *F Fa PP 23893 61 \ | 
*c i 56 26 * PE 29 | | 


£ 


s BFH 63 29 3606: 
=—— — BFG 20 35 9:0 


GFH 237 $54, the angleatF required. 


Cald 10, Two anjith; axd x e t0 one of them given! 
70 find the file betweda all _ : 


Dat. H56d. 26', {—_— 24, FG 574. 32), required & H, 
Here the perpendicular muſt fa{lfromF, as in he ſecond triangle. 
Firſt, for the perpend. F B, ſay, sF Bj Rade=s G+5G. 
Secondly, for the baſe B G, ſay, x« G4 Radezrc FGj+e BG. | 
Thirdly, for the baſe BH, fay, s BH-Ratt=t F B--tc H 

The ſum or remainer of BG and BH, is & #. 


The Operations 

I. : F@ 57d. 32! g.9261901 IL rF6 534.32) 1000963704 | 

s G72 24 9.9791798 ie G72 24 9.4808335 © 

s FB53 32" 99053699. t BG25 25 9.6769939 
Wl. Od gI SIT 10.1313196 
H 56 7 26. 9-82 38803 


« BHi6g' "5+ 9:9533999 
—BG 


251-128 - 
&H 38 28, the ſide required. 
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- And thi\may ſuffice my nbc renee cet be- 


rical triangle, there remit two other Cal when there 
ſides are given roFind attamphe; ort Kee ae Rn lide: wh 
firſt of which is of frequeht we] afd t ng Ns ay + the former 


Editions of this Book) we have ſhewed the reſolution thereof three 

ſ&efdbitays, as may appear in the Chapter follow FP, et I conceive 

irwiffnot be ſuperfluos; to give herEatl' Exatipte" of two n more in 

thatthird&way ofapplicatiqn ; which as it is ca © yrghs G 
"a whethes, you 


tieay + (it isthe apre(f for inſt! etiral's 
oe Mr. Gunter Lopatithmical Rite,” of ne! TT Ber 


right lined, orother'crcular, or ſerpentine, projection of the Gl 
rithins, or theSoftor, Or. iis 0A 


mY hs & 


| Culeary Three * ſes cf hign Henk bells be 


an an218 


2, + v7 Mn oo we. Yg.+ 


The Rule and ground for the ſolution of thisProbleny;/i ewed Tg 
the Ghaprer following, therefor wecomertoExiamples,t i Þi -- +. 


The firſt Example may be this. 


Let there be given the latitude of the place, or Poleselevrtion 
d. 32 m. the Suns altitude 32d. rt min.theSuns declination norther , 
15. d. 10. min; arigt there pired the Suns Azimuth. A 


| In this triabgle- F ſent »,, &t Ss 
the Zenith, # the Notth-pbk, F the e Sun, 4 i 


| then tle complement of the =D! eleva- -...D 
tion, is | 38d. 28 DO it, * 
the com, of the ſuns a ; AUR, "5 a 5 
th&eom, ofthe Tunis x 
orkhe funsUMtante ow the Wie (25 ——_ Li 
Then is th& angle” *F'62 the Suns a2i F » - + 
muth from the North",” of F&'B" theSons' 
azimuth from the South, either of which is the angle required, and 
_ . therefore oppoſite thereto let fall the perpendicular F B, and make 
B I equal to BG, ordering the work as followeth. 


Ez 


t4 O 2 Poles 
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Poles elev. 51 32 whoſe com. GH 38d.28-g 19d: 14' ts (0.4573123 


= 
Suns altitu.zz 28 whoſe com. FG 57 . 2:22 828 46 
Suns decli. 15 10 whoſe com. FH 74 5o 37 25 


De 


the ſum of half the ſides, 66 11 # 10.3$51676 
the difference of half the ſides 08 39 © 9g.1822106 


yes the half of the alternate baſe #3#744 29g t 
ns brake bal che troe baſe GH 9 14 ae 
there remains 
Thus in the right angled triangle BG F, 0 Fund the baſe 

BG, and the hypothenuſal F G, being before at fr given, we may 

find the e at G, ſaying, 

«G4 BG-4cFG, that is, 't BG 254. 25' 9.6763686 

eFGyg7 32 

i G72 24 
And thus have we found the acuteangle at G, " namely, BG F, to be 
72 deg. 24 m. which is the Suns azim fromthe South, which was 


required. 


The Second Example. 
Let there be given as before, the latitude 51d. 32 m. the Suns 
altitude 32d. 28 m- the Suns declination northerly 15 d, 10 ma. 


And let there be required the hour from noon, or aygle at #. 
We order the Operation as falloweth, 


Latitude 
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Latitude 51 d. 32* whoſe com. is GH 38d. 28, 19d.14'1e10.4573123 


Suns altit. 32 23 whoſe com. is F G57 322928 46 
Snns decl. 15 10 whoſe com. is FH 74 50 3725 


- the ſum of half the ſides 66 11 Faggetes 
the difference of half the fide 03 39 t 9.1822106 


— —_I — 


gives the half of the alternate baſe 3 7 44 29 t 9.9946905 
to whichadding half the truc baſe 4G 19 14 
the ſam isthe baſe BH 63 53 
Thus in the right angled triangle BHF, having the baſe BH 63d. 
53 m.and hypothenuſal F H, being before at firſt given 74 d. 50 m. 
we may find the angle at #, ſaying, 
js H-Rad=: BH-btc FH, that is,t BH" 63 53 10.30995777 
te FH +154 50 9.433030 


ie H 56 26 9.742658 1 

And thus have we found the angle of the hour from noon #, to be 
56d. 26min. which converted into time, is 3 ho. 45' 44", before or 
after noon. 

In like ſort you may find the hour of night by any known ſtar, for 

the ſame things being given, namely, the latitude of the place, the 
altitude of the ſtar, and its declination, you may find the angle at FH; 
as before , and ſo the true hour and minute(if it were the Sun) which 
note. Then from that ſtars right aſcenſion, ſubſtraft the Suns right 
aſcenſion, and the remainer converted into time, add to the hour and 
__ before noted, that total is the true hour and minute of the 
night. 
_ But ingathering the Suns right aſcenſion, you muſt remember that 
it differs every day about one degree or four minutes of time (as more 
exattly in the Table appears) and fo you muſt allow proportionably, 
for the time that the Sun is paſt the meridian of the place far which 
your Tables were made: as if it be fix hours paſt it, the rightaſcen- 
ſion is increaſed by abont one minnte of time ; if twelve hours, then 
about _—— ; if eighteen hours, then about tbree minutes of 
time, ©c. 


CHAP. 


\ 


CHAP, VII. 


Of the ſecond Fundamental Axions , ani of the Cafes thereow 
depending : with two other Axioms to the ſame purpoſe. 


” 2 Fundamentat Axtom. 
F a ſpherical triangle, if} half the difference of the {ides- ge 
an angle, beadded to half the fide oppotite to that- angle, ai 
likewiſe ſubſtratted from the ſame, and the ſum and remainer noted : 
T hen a the reftangle of the fines of the containing ſides, us to the ſquare 
of Radu : 
So ts the retangle of the ſiftes of the foreſaid ſum and remainer to. the, 
ſquare of the ſine of half the contained angle. 
| . As ta the triangle ADE. A bs 
Let D bethe contained angle, and let AB be the difference of the 
containing ſides AD and E D ( for DB wequalto ED) and let 
AE, that is, AS, be the. ſide oppoſite to the angle at D. Then making 
SK equab to A B,. draw the: we A K and BSz., and drviding 
the arch AK or BS equallyin R, draw from the center the live HK, , 
0 drawing © X paralclto HP, and B L and GO to A-th; 
c 


G Q #« theverſed fine of the angle ADE, at alſo of the arch-G X, 
Therefore the archG X, i the meaſure of the angle ADE: But Q X « 
the right ſine of the arch GX, therefore Q X u alſo the, right. ſine of, the. 
angle ADE. | he: F : 

Aud ſeewg AS 1 equal to the oppoſite ſide AE, and- 5 K. to AB; 
the difference of the containing ſides, therefore the whole arch A. K,, 
equal to AE and AB; therefore the half thereof AR, i the ſum of 
the halves of AE. and. A B,. that 1s, of balf the oppoſite ſide, and- of half 
the difference of the containing ſides, the. ſine whereof is AW, And. if "rhe 
difference A B, be taken from the ſide, A E, that ts from A S, the remann- 
er 4s BS,the half whereof us B R : Sothatif the balf_ of A Bbe ſubſtratted 
from the. half, of , A E &r AS, the .remainer is BR.., nd ſecing 
G N wequal to, AD; GO the ſwe of G1Y.,. « alſo the. fine of 4A D 
and B Cu the ſine of DE DB. Sothat BCandG O are the fines of the- 
containing ſides AD and ED,and AW and BR are the ſines of the FANS Ck 
ſum and remainer, and G T ehe ſine of half the angle at D. 1 ſay then that, 
| As 


ON © 
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Arthe relengke of the Sicrof be - contajuimg fraes . AD od ED, i 10 
whe Lond ann 
$4 the heglete for of the ſow and roman ARawlBR, 
tothe ſe e0 angle ADE, namely, to rhe Juave 
of the 7 Wt the the arch, on | \ 7 
«, 
As the reftangle of G O Ay BC, 4 tothe ſquare of GH : 
So is the reftangle of A W and BR, t0 the ſquare of G Y. 
Demonſtr. For as G H, the ſemidiamerer of a great circle, is in pro- 
portion to B C the ſemidiameter of a leſſer : wm Quicke ſneof a certain 
arch in the greater , to. EC tbe fine of the likg arth in the leſs ;, 0 8s 
G Q the verſed ſine inthe one, ro iT the-uerſed fine in the oh hich, 
# mare largely demopſreted by Pitiſcus, lib. 5. and by others. 


EN 
SIS 


Therefore 
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Therefore at G H « in proportion toB C, ſourG Q 10 BE. 
And as G H # inproportionto G O, ſou bes BL. For the triangle; 
GOH and BLE arcequiangled. Therefore as the ſquare of GH, « to 
the relangle of BC in GO: ſo # the reftangle of GQMn BE, to the 
reftangle of BL in B E. 


And dividing the two laſt reftanyles by BE, then ar the ſquare of GH, 


«£ to BC »:GO: ſou GY rwBL. 
", Orthe Converſe, namely, 

As 'BC in GO, u to the ſquare of GH: ſo «» BL 19 GQ, 

Again , ſeeing that A K « parallel to BS, and BL to AH: 
thcrefore the angle SB L, is equal ro the angle HAW : therefore the 
right angled triangles SBL and H A W , are equiangled. Likewiſe 
fine the right angled triangles Y GH, andQGX, have the angle 
Y GH common to them both, therefore they are alſo equiangle. 

Therefore as A W « in proportion to AH Radimw: ſo wu BL to 
BS. AndaiGY 1s in proportion to G H Radius: ſo s GQ to GN, 
Therefore the refFangle of A W in BS, « equal to that of B L in Radins, 
Alſo the =" p- 3 of GY in GX, is equal to that of GQ, in Radine, 
Therefore a4 the rettangle of AW in BS, is to the reftangle of GY 
in GX, ſo is the reftangle of BL in Radic, to the rettangle of GQ 
in Radius. | | 

And dividing the two laſt reftangles by Radius, then a AW mm BS, 
#t0 GY mGX: ſou BL tw GQ, 

But 4s BL # in proportion to GQ : ſo ( a4 before ts proved ) s 
BC in GO, tothe ſquareof GH ; that is, tothe ſquare of Radins : 
Therefore, 

Ar BCinG®O, is to the ſquare of Radins : 

ſo is AW inBS, to GY in GX. 
But as AW inBSis toGYin GX: fois AW inthehalf of BS (that 
i5BR) t10GY inthehalfof GX (that 15 G Y) therefore as the rettangle 
of BC in GO, isto the ſquareef GH : ſo is thereftangle of AW m 
BR, t0 the ſquare of G Y. | 
Which was to be proved. 
Now to apply this Propoſition to artificial ſines. 

Seeing ( by the ninth Prop. Chap. 2. of Plain Triangles ) the 
Logarithm of a reftangle is equal to the Logarithms of the ſides 
thereof : and (by the Corollary of the ſame) the Logarithm Sb 
is equal to the Logarithm of his fide doubled : - therefor Wo 
t 


Bookrf, 
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third Prop. of the ſame Chap. If unto the artificial ſines of the fore- 
ſaid ſam and remainer, be wice Radins; and from thattota 
be ſubſtraCted the fines of the lides : half the remainer is 
the fige of half che contatmeGanghe r ured. Or, (by the 4 Prop. of 
that Chap.) Ifinſtead of i ing the ines of the containing ſides, 
we add their ſeveral Complements arithmetical, the total ts more. 
than the remainer would have been by twice Radius, , Therefore 
leaving out twice Radius : if to the ſeveral Complements ari I- 
cal ofthe ſines of the containing ſides, be added the fines of the 

faid ſumand remainer, half that total is the ſine of half the 
angle required. _ 

This ground thus laid,we come to that twoCaſes thercon depagding 


_ 


| 


9TH1 2/13 Jo cont $0 172 3662 0040T pn of OATS 2h 
Caſcia's n:The: chreefrderof x Syþerice/ Triaugle being 'ghven : 


Fake halfthe difference of the ſides containing the angle donors) 
c 


nd 4d@ jt.r0 half the ſide oppoſite r9 that angle; and likewiſe ſubs 
— F, the ſame; 'hoting the furq and remainer, | 
TG The tompleniencs arirmetical of the * artificial "fines of the 


+ 

rinine bs,” add the artificial fimes of the foreſaid ſum and remainer 

aha" thi ba of rhat total i the artifieiat "fine of half the angle Fee 
aired. 4255 KEE, Hh ; Ee 
A ig Phis bein before Proved; we procee$to Examples. 

Let be given the Zz D38d. 380g let there be required 


three ſides of the tri- SED 9g5* oo 
angle ADE, namely, (AE 76 oo the angleat D. 
Differ. of A D and E ©, 564. 32, {AD 38-28;=« ed. ar. 0.2061 683 


P _— E D var" ©. 
Half differencgs” 28 16 \ 0p 9900 000. 0-091 65S 
Half of AE; \,.38 oo \ ls TD ge 
DN — RI 9.2280481 
the ſum W, —Os TN" +: | CO 28 
the remainer, og 44 19-3974$66 
: Half D 29-59, 1 9.6987 483 


Which doubled is'59 deg. $8', the angle at D required. 


Note. We. have. formerh hoted 
that the fine of an arch aboye go 
deg. is the ſame with the. ſine of an 
_ as much denoting deg. as in 
this Example, the ſine of 95 deg. is the 
E \ . IY ſame with the ſine of 35 $8 


1 Example in Application. 


Let there be giyeninthis Triangle, 
The Poles elevation, coniple...4 D d. z2ZTL2. AD, 38 d. 28 
The Suns decliuation, compl. ED, is 10 76 "IIS. 
The Suns height , compl, AE 232 28Chr dS AE, 57 _32 
NJ And let there be requir the hour from noon D. 
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The difference of the' ſides A'D" and E D containing - 


15 the; angle required, © -| go z6Yepr. '22 
n ; » 34 "TE? ————_— = 
The half of that difference & * 4. To 
The half of the oppoſite ſide AE, us 28 46 
The of the half difference, and of the half ſide, is 46 $7 
T he Yemainer of the half diff © taken from the balf fide, is 10 35 


Which thus ordered, we reſolve the Problemthas; ' / 
The Poles elevation compl. A D 38 deg." 23 5.47: ' 0.206169} 
The Sun declinat. compl, E D 14 $0 50, a, 00153967 


The aforeſaid remazner , 10 35 5, 9.2640274 
| Sum 19-3433661 
28 deg. 13', The balf 9.6746830 


The. arch anſwering to this ſine 9.6746830, is 28 deg..13%, which 
doubledis $6 deg. 26', the angle at D required. 

Which converted into time, is 3 ho. 45" 44", the hour from noon, 
namelys 14' 16”, after eightof the clock in the morning, or 45' 44”, 
after three of the clock in the'afrernoon-- In like fort, may the hour 
of the night be found by ſome .kngiyn ſtar, a5-we have before touched 
at the end of the laſt Chapter. 


2 Example. +» 


Let there be given, 
The Poles elevation, compl, A'D Fid. 32'þ,5F AD $3 4d. 28 
The Suns delination, compl. E D 1s 190 TS D 74 59 
The Suns height, compl. ., AE 32 285RSAE 57 32 
And let there be required the Suns azimuth from the North 4. 
The diff erence of the ſides cont aining the angle re-! | a 
quired, namely the difference of JD an 4k s 19 degr. of 


Half of that difference, is - | wc - 32 
Half of the oppoſite ſide FD, us 37 z5 * 
Sam of the half difference, "and of the half ſide, is 46 $7 


Remainer of the half differ. takgn from the half ſide, is 2:7 
be P 2 
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/ Which thus ordered, we reſolvethe Problem thus. 
Poles elevgtion, compl. AD 38deg. 23' +» ©. x 0.2061683 
Spns altitude , compl. AE 57 32 s £0. A 0©.0733100 


Hforeſaid ſum, "8 2, 9.8637737 
Afore ſaid remaizer, 27 $4 9.6696420 
Sum 19.81 36940 


: ' _ $3deg. 48' the balf 9g.g068470 
The arch anſwering to this fine 9.9068470, is 53 d. 43 min.which 
gonhiens is 107 deg-36 m.the angle at A, which is the Suns azimuth 
om the North part of the Meridian. 
Otherwiſe the Operations in this Problem may be thus ordered, 
Poles eleu. No. 51 d. 32'Co. of the Pales elev. AD 38 d. 28'S 19d. 14' 
Swns altit.. 32 28 Co.of the Suns altit. AE 57 32828 46 


| V 
Suns decl, No. 15 10 Conpl. thereof E D 74 gof 37 25 


difference 9 32 
ſun 46 57 
YErManmer 27 53 


Hence we reſolve the Problem, as before. 
AD 38 geg. 28' »s ca. a. 0.2061633 
AE «97 33 $£ C0. &, 0.0738099 


ſum 46 y7 5 9:8637737 

YEMAINEY 2.7 wy 4 9.6699420 

19.31 36939 

— as 9-9068469 
Which doubled, is 107 36, the Suns azimuth from 


| ( the North, 

Again, For the South declination. 
Poles elev. No. 519. 32' Co. of the Poles elev. AD 38d. 28'® 19d. 14 
Suns altit, os 10 Co, of the Sunzaltt. AE $4 50.3842 25 


Smns decl. 59 15 10 Sun: di. from wo. pole. E D 105, 1of'ga 33 
difference 23 A 


YEmmAnmey 
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Hence we reſolve the Queſtion thus. 
AD 38% deg. 28 m. s co. ar. ©.2c61683 


AE 84 $5 2 £0.47. 0.001768 2 

ſum 7x 46. #4 99364593 

YOAMINICY 2.9 RAE. 9.6929964 
19.3853022 

61 13 5 9.9426511 

Which doubled, is 122 25, the Suns azimuth from 
( the North. 


Note. And after the form of either of theſe Examples, we may by the 
fame-things given, find the angle of the ſame poſition. 
3 As if there were given the Poles elevation, the Suns decli nation, and 


the Suns height : to find the angle of the Suns poſition. 


Thiseleventh Propoſition & often uſed by Sea-men, eſpecially the 
fecond Example, for finding the azimuth, whereby the variation of 


. the Compaſs may be knownat Sea, after this manner. 


= 

About the middle of theforenoon, or afternoon, the height of the 
Sun above the Horizon isto be taken by ſome Inſtrument for that pur- 
poſe, which being noted down, youare at the ſame inſtant (fo near as” 
may be ) toſet the Sun with your Compaſs ( fitted for that purpoſe,, 
the outward circumference of the Fly or Card divided into degrees,, 
and the Needle placed under the North and South points of the Card) 
and note down likewiſe upon what degree of the Compaſs ( reck- 
ening from the North) you found the Sun. Then knowing by your 
former obſervations and reckoning, your Latitude,and by your Tables. 
for that purpoſe, the Suns declination, there is given che Poles elevati- 
en, the Suns declination , and the Suns 
height above the Horizon, where- 
by, according to- the ſecond Example 
laſt before going , you: may find the 
Suns true azimuth in degrees *and 
—_— _ ws _ : _ 
com with the before 
found by the Compaſs, if bothagree, 5 D 
the Compaſs hath novariation . if there be any difference, that dif- 
ference is the variation : Which yariation, whether it be Eaſterly or } 

. Weſterly, 
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weſterly, may be known by theRule before given upon the twelfth 
Caſe of the third Chapter of right angled triangles. 


As inthe ſecond Example laſt before going. Admit that at the ſame 


inſtant, when I oblerved the height of the Sun in the morning to be 
. 329.28 min.l ſet the Sun by my Compaſs, and found it to be from the 
Eſt point towards the South 12 deg. that is, from the North 102 d. 
Bat the Suns true azimuth from the North found by calculation, is 
107.deg. +6 min. the difference between theſe two 1s 5 deg. 36. m: 
which is the variation of the Compaſs. 

But to know whether this variation be Eaſterly or Weſterly,l conſi.- 
der that by the Stins true azimuth found by calculation , thn ſhould 
haveheen from the North 107 deg, 36 m. that 1s, from the Eaſt point 
of the Compaſs to the Southwards 17 deg. 36 m. Whereas ſetting it 
with my Compaſs, it was from the Eaſt to the Southwards but 12 deg, 
So that the degree whereon the Sun ſhould have been, was more to- 
ward the right hand,than the degr. wh&reon it was: therefore I affirm 
the variation to be Eaſterly 5 deg. 36 min. By the ſame Problem, may 
thegariation of a Necdle be found on the land. 


Caſer2. The three angles of a ſpherical Triangle given : to 
find a ſie, 


This is performed by the laſt Axiom, the angles being converted 
into ſides, and the ſides into angles ( as we have ſhewed Chap. 1 Of 
Spherical Triangles) taking inſtead of the greateſt angle his comple- 
ment to 180 deg, 

Wherefore having taken inſtead of the greateſt angle his comple- 
ment to 180 deg. and all things elſe remaining as before. 

Take halfthe difference of the angles that are adjacent to the ſide 
required, and add it to half the angle oppoſite to that ſide; and like- 
wiſe ſub{raCt it from the ſame, noting the ſum and remainer, - 

Then to the complements arithmetical of the artificial fines of the adjacent 
ahgles, add the artifxgal ſines of the foreſaid ſum and remamwer, and the 
half of. that total us the axtificial ſin&of _ the ſide required. 

The like reaſon ſerves for this, as for the laſt Caſe before going, 
We come thereforeto Examples. 

Let there be given theCA1o07d. 36', that is 72d.24'/ZAnd let there 
threeanglesof teer-9D 56 VE requir'd the 
angle ADE, namely,CE 37 *55YldeE . 
ar. 


© ES 
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Differ. of Eand D, w18d.z31'Y D 56-26 5 c0, ar, 0.0792283 
The half difference, Og 153 E 37-55 # co. ar. 0.2114677 


ſon 45-27% 4 9.8529314 
{how O Gael Lei rem.26-96z 5 , 9g-6561780 
The Sum, 4s 293 m 
The remainer, 26 56; ſum 19.75g8054 


52-35 half yg.$595c2 7 
Which doubled, is 105 deg. 10 min. the complement. whereof to 
130 deg, is 74 deg. 5o min. which is the fide required. E D. 
1 Example in Application, Let there be given, 
The Suns gz.immth, A 107 deg. 36 m.or. 72 deg. 24 m. A. 


The hour from noon, D in degrees 56 26 D. 

The angle of poſuton, E - 3J 55 E. 
and let there be required the Suns height, being the complement 

 & 7 4 

The difference of the adjacent angles A ind E, te 34 d. 29 

The half of that difference is | ——— 

T he half of the angle D, oppoſite to the ſide required, 23 13 


The ſum of the half difference and half angle, ts . 4% 3235? 

The remainer of the half dif/ er. taken fromthe half angle, is no «g$+ 
Then tor the reſolution of this Problem. 

The Suns azimuth A 72 deg. 24 « Compl. ar. 0.c208202 


The angle of poſition E 37 55 #£ Compl. ar, ©.* 114677 
The foreſaid ſum 45 272 5s 9:352 3314 
The foreſaid remainer 10 wot: : 3 9.2796227 


ſum 19.3548420 

28 46 half g.682:210 

Which doubled, js 57 deg. 32 m- the fide A E, the complement 
whereof 32 deg. 23 min. is the height of the Sun required. 

- Andafter the form of this Example, the ſame things being gigen : 
namely the Suns azimuth, the hour from Noon, and the angle ofthe 
Suns poſition being given : we may find 2 The Suns declination (as in 
the former example) 3 Or the Poles elevation. 

"Note. Although in the converſion of angles into ſides, you may alwaye» 
(49.4 eforeſaid } take inſtead of the greateſt angle, his complement to 180 
ag yet you are not ſo to do of neceſſity, for you may rake the complement of 
one of che leſſer angles, ro 130 deg. As Ler 


- 
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Let there be given theC 4 t07 d. 36/FAnd {et there be 
three angles of the tri-<D 56d.2& or 123 34prequir'd as befare 
angle ADE, namely,CE 037 5Ffy5 lideE D. 


Differ .of E and PN, 85d. 39' Y D 56-26 #5 co. ar. _ 0.0792283 
The half difference 42 49; -— +. ant 


ſum 83-223, #5 9.997 1562 


The half of A ot J3 rem, 10-583 $ 9.2796227 
The Sum, 96 n\ 
The remainer, 10 377 19.5674749 


37-25 97837374 
"Which doubled, 1s 54-50, the fide E D requred. 

He hath another way very little inferiour to the former, for the 
ſolution of the two laſt Caſes, which Mr. Gunter makes uſe of, Asif 
1 bree ſides be given to find an angle. | 

Add the three ſides together, noting half that ſum, and from that 
half, ſubſtraQt the ſide oppoſite to the angle required , and note the 
remainer. Then | 

As the reftangle of the ſines of the containing ſides, 

ta the ſquare of Radins ; 

ſo ts the reftangle of the ſines of the foreſaid ſum and remainer, 

ro the ſquare of a ſine, whoſe arches compl. doubled is the angle ſought. 
By containing ſides, wemean the ſides containing the angle required, 

Therefore working by artificial ſines, 

Add to the complements arithmetical of the ſines of the contain- 
ing ſides, the ines of the foreſaid ſum and remainer, half that total is 
the ſine of anarch, whoſe complement doubled, -is the angle ſought. 


Let the Example be here as before, namely, ( atD. 
| AE 729.32', and let there be required the angle 
Let there begiven (AD 38 28 5 Compl. arith. 0.2061603 
ED 74 50 5s Compl.arith. 0.0153967 

|, I o FO : 
The gpalf ſum 5s 25 5 9-99386090 
The remamer 72 53 $ 9.6699420 
: 19.3901 160 
The complement of this ſines arch, * 23 deg, 13 m. 9.9450580 


Which dowbled, is as: -- 26 the angle et D required. 


 — 
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ifthe three angles be given to find a fide, you thay convert the an- 
gles.into _—_ as before is ſhewed. ; 

either oftheſe twolaſt Axioms are very ſufficient for the. 

lution of-the two laſt Caſes of an oblique ſpherical triangle arith- 


: ally > vet neither of them canſo aptlybe applied inſtrymenally. 
pr þ La here ſet downthe third Axiom, which he hath to 


the ſame purpoſe. 


A 


D A 
The three fides of a triangle being given, and an angle required, let 
fall a + Lao ary _ — that - c the fide al—_ Fe. 3 perpendi- 
cular fails, we call, for diftinttion ſake, the baſe, and the other rwo the 
ſides , thus in every of theſe triangles A E us the baſe, AD ad ED 
the ſides : D B the perpendicular, B being placed at theright angle, and 
Bl alwayes made equalto BE : Thus w every of them A E being the 
true baſe, A 1 #5 the alternate baſe , whoſe end 1 us at far from the yer» 
pendicular B one way, a« the end of the true baſe E, is fromthe perpendicular 
the other way. Whych things thus conceived, I ſay, 


As the tangent of the true ſemibaſe given 
i tot wks of ul eo of the ſiaes c 


Sou the tangent of half rhe difference of the ſides, I 
ro the taugent of the alternate ſemibaſe, 
s, 


As the tangent of the half of A E, 
to the tangent of balf the ſim of AD and E D. 
So us the tangent of half the difference of A D and ED 
tothe tangent of the balf of Al. » 
ras ation whereof , you may ſee 'in his ſecond Book ' of 
rianples, L 
Therefore adding the half of the true baſe AE, to the half of the alter- 
natebaſe Al; the ſun is AB, thebafſe of the ri opt, 
«ſo the difference. of the halves of AE and AT, #£B, the baſe of the 
other right angled triangle E B D. « _ 


I 


And 


16 "RGNIIEES -  BookIt: 
And thu in either of s. 7 ir pb; ABD and EBD, 


We bave the baſe and _ ſal, at one other optr ation. exther ' of 
the —_ ſite den rs Auger at A, or that at E, 


may be uy: bythe 1 3 no yore of right - MO Therefore, the three 
[bing gn, inibip fn aiw-angs T7 


As for Example, in the firſt of theſe triangles, let there be required 
theangle at A, the three ſides being given, namely, 


I0.1163279, 


A E 14d: 5Y the half of AE p14. 25 5 Co are. 


or tc. 
A D'57 32 the balf ff AD 28 46 
E D 38 238 the balf of ED 19 14 
The ſum of half the ſides 43 oo tf. 10.0455626 
The differaxce of half the fide Og 32 rt 9g.2251560 
The. half of At 13 42 s 9g.3384706x 
Towhich adding half of 4A E 37 25 
The ſimu 4 RB Fl- O07 
Secondly, 


AB $1 ey ©7%. the tangeny of AB. 10.c934397 
AD 57 \32. fan... any. of AD- 9:3036296 


— 


A 37 $5 make ne. compl.” A” 9.8970693- 


And thus we have mou the angle at A to be” 37 deg. F5 min. and 
in like manner we might have found any of the other angles 

Note. For the reſolution of queſiiors of this nature inſtrumen- ; 
tally, Mr. Gznter (an ingenious man in contriving wm applying © 
Inſtruments) makes vſe ot the right. and verſed fines, and fo reſolves 
them at two operations, and ſometimes he uſeth the right ſines 4 
but then he hath three operations. Notwithſtanding they may alſo be 
performed at two.operations without verſed fines, uling only the tan= 
gents, as ws have here ſhewed: 
. Now, as we have before for right angled triangles, ſo we will here 
for oblique, repreſent.in a Table the operations uſed m every Caſe,by 
the view hich Table you may be direfted in the reſolution. of avy 
oblique ſpherical triangle. 

8 Hin. 


Ef YR 
——_ Te anc 2 11 oppo T A ; 
wp of thei given : - __ E. ED. RAS " "ED _ 
7 dps t6 to. the other | AD eons! x Sree 
wo {ides,with an angle oP AD 
Toe gre nl 4 $8. :ED, £4, 4 AD, *E Y 
he the angle op iteto _ > OLHer EIT wy 
AD EEE = 
fi d E um.Or ren 1 3 
Codes wich The 234 ſide p i AB, 3cE B, AD, wE A 
ET to One of theo-| AE Ra. cc At ADtA 
ther angles. a ſumor rem. ABand AE 4 4 
LL LAS E B, s AB,t AqtE. _ PR 
Ubdg i AD,tA Lt A,BD A. | 
Two angles and The third AD (CE Jomorie. A, & Dis BDE b) 
the ſide between ( angle. '|4#.. £ Sfmoris, DE,ic At = is 
hem given: to( One of th ke® NN AD rt A, Ip ar 
H other: fid is BDE 6 
_ ooh PD re EDI | 
: EE .ic A, t AD,t AB. 
wo ſides withy The 134 fidq&DQCAE 4D, «ED, i« AB,ic EB] 7 
w_ their op- Fox A ſum or differ. Band FB is AE} | 
te angles g1- r con-JED Ra. 5c AD, UID 4 E 
- amoa takndungle: "= Wembj cED, © BDA,sc BDE ; 
bil 5 [ga fomorlif. BDA& BYE is D|_ | 
| ; a Ra. 3c AD, 1A, ic BDA. | © 
Taoanglervith. This third] 4DpcD Qs A, 3c E's B DA, :BDE : 
ane! of their op-(_ angle. A fp or diff. BDA & BDE is D| | 
polite ſides gi-C'Theſide be-| [x 2. "wAtAD,i AF. *X 
"Os to/End Steep them \ AE t Z tA, AB, sEB./ 10 
LALLY —_—_—_— fam orviff.of 4B & E {4s 
define dncocr Ling edited. Ng | The Fquality| | 
SIT FEE HR 
Ll 
ons we wag ' |=» Dy AE=KtifAD( Sum « F(* 3 
gal | and ED is rem.G 3 Rem. s G 
55M + A--,dit.E & c.ar.sD' pie 
Three angles 4 D is ſum F (c.ar.sE Th 
2Iiven : top a ſide, DoED —z diff. EC Sums FC © [3 
nd E bi _— RemsG ) © | | 
Q 2 | 
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-| -— This Tilt Table might te” propoſed in other terms ; a5the-firſ 


_—  —_————_S 


Caſe we might.expreſs thus, co. ar. + E+s A'D-Fs A, makes ED, cut- 
ting off atruhift of 1 «inthe firſt place tow#td the left hand, which 
thing being before ſufficiently explained , we .ſhall-not here need-to 
inſiſt thereon. | 

Here I intended toconclade thiswork : but becauſe the demonſtra. 
tion of the firſt fandamental Axiom for ſpherical triangles, as. it is 
deliveret bythe Lort of Marchifton, is very brief, and by him ap- 
lied to-another kirid of Logarithms, ſo that it may ſeem obſcure, 1 
Any = good here (though ſomething out of place )to illuſtrate 

ſ premiſing certain Lemms's ſerving to that purpoſe. 


AK: 'LEMMA 7 


Is aright angled ſypberical trieugh | 
pag for of the baſe , + bs proportion to Radica: ſo © 
the L; | gen of the perpendicular, to the tangent of the angle 
«at the naſe, (\ 1 | 


© 


As in this Diagram, 


Let ADB repreſent a 
| ſpherical Triangle , right 
- angledat B; ſo that AD 


” ky I 
& $54» IJf is the ſine of the hypothe 
- | IS the ſine © - 
: nuſal, A B the fine of the 
baſe, and DB is the per- 
A = pendicular. 


Then is DAB the an- 
gle- at the baſe, and I'H 
the fine, and LM the tan- 
ent thereof, Alſo D F is 
| the ſine, and KB the tan- 
— | my gent of the perpendicular 


% 
: 3.2.77 
4 - SCE CC em w—_ _ ———— _ > — - Hh —— , 
p | | I 
. * \ * 
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I fay then, 
As A B the fine of the baſe, 
is in proportion to AM Radins : 
fois BK the tangent of the perpendicular, 
to ML the tangent of the angle at the baſe. 


LEMMA 2. 


In a right angled ſpherical m_—_ , 

. As ihe ſine 0 4 hypothenuſal, i iu proportion to Radins : ſo 
is the fine of the perpendicular, to the fine of the angle at the 
baſe. | 


That is, in the foregoing figure, 

As AD the ſine of the bypothenuſal , - 

« inproportion to AI] Radins : 

ſo s DF the ſineof theperpendicular, 

10 ] H the fine of the angle at the baſe. 

Theſe two Lemma's might be demonſtrated in this Diagram, but - 

becauſe the ſame in effect are at large demonſtrated by Lansbergizs, 
Piutiſeme , Snellzwne, and others, we ler that paſs. 


LEMMA 3. 


The cireular parts of a right angle riqnele, are the ſame; with 
the circular parts of a quairpp tg amy te adjoynings . 


Aslet A BD be atrianglerightang G; 
ﬆt B-: and let one of the ſides 
namely, A B, beextended, till it become - - 
4 quadrant, that is to G, and draw an arch 
from & to D. Thenis G A D aquadran- 
f ral triangle, adjoyning to the rift an- 
ed triangle AB D. 1 ſay thereforethbat 
circular parts of the quadrantal tri- 
G A % are the ſame with the cir- 
r parts of the right. angled triangle : 
A BD. For the circular parts of ef Dh4<cowl; 
| them are, as here ap peareth. 
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The five Og are AB., DB. com. BDA. com. AD. com.A, 


a—_—_— GAD, arecom. AG, AGD.GCDA. com. AD. com. A. 

Whereit is evident, GB and & D- being quadrants GDB is a right 
angle, and D B is themeaſureof theangle at G: fo that the ſide AB 
inthe one is equal tocompl. AG in the other; and the fide BD in the 


one, equal to the angle AGD in the other, and compl. BDA in the one 


is GDA in the other, and compl. AD in the one is the ſame with compl, . | 


- and laſtly, that comp. A1n the one, is the ſame with 
—_ - =. Ga for = 4 complement of the acute angle -DAB 
untoa quadrant, is alſo EE of M As G m - _ 

roles of the Sphere be ſo ord:red, thit the firſt interſe 
The ſerend rs p cacar the third, the third the fourth, the 
fourth the fifth, and the Lo the firſt, at right angles : the 
right angled triangles made by their interſections, ao all conſiſt 
of the ſame circular parts. 
As in this Scheme, 


Let G repreſent the-Ze- 
nith, Athe North Pole,ard 
D the Sun being in the Ho- 
rizon. So that 1G Bisan 
archof the meridian of the 
place- 

BDF an arch of the 
Horizon. 

FEC an arch of the circle 
deſcrib'd about theSun.. ... 

C AH, an arch'of the 
meridian of theSun. 

H L1, an arch of the. 
Equinoftial. | 

Then do theſe five arches 
Tetain the conditions re-.. 
-quired. | 


oe Hoc cnonncss y 


'The firſt interſting the ſecortl in & ; the fecond 'the ; 8 FR gl 
the rhird, the fourth ju Cz chefourth, the fifth in #7; "0h 5 


the fifth, 
the 
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the firſt in 1, and theſe interſefions at B, E, CH, I, are at right an- 

les; therefore 1 ſay the right angled triangles made by the-ynterſe- 
Hons of theſecircles, namely, ABD, DHL, LFE, EGl, andGC 4, 
do all conſiſt of the ſame circular parts, for the circutar parts in every 
of them are as here appeareth. 


The five - A BD, arc AB, BD, com. BD A, com. AD, com. DAB 
circular = L, arecom, H L D. com, L D, com. LDH, DH; HL 


parts in £ LFE, arecon. ELF, LF, FE. com. FEL, com. EL | 
the Tri- FEIG, are IG, com. IGE, com. GE, com.GEL,, EI 
angle. GCA, are com. GA, com. AGC, GC CA, com. CA G 
Where you may obſerve, that to the ſide A Bin the firſt triangle, is 
equal compl, HL D in the ſecond, cr compl, ELF inthethird, or 1 G 
in the fourth, or compl. A G in-the fifth. Inlike ſort, to the fide DB in 
the firſt triangle, is equal compl. L D in the ſecond, the ſide LF in the 
third, coal, is E in the fourth, ar compl. A G C.in the fifth 2and the 
like is to be ſeen in the reſt, taken in ſuch order as they are placed. 
Toexpreſs this more plainly : AB, the Poleselevation in the firſt 
triangle, is the complement of theangle H L D inthe ſecond, orthe 
complement of theangle ELF in the third, or the fide IG in the 
fourth, or the complemgnt of the hypothenuſal G A ia the fifth'; and 
the like is to be underſtoodof the reft: | 
The ſame uniformity of the cireular parts is alfo apparent inquadrajtal 
triangles. 
As inthe ſime Scheme G from Nj D from+E, E from A, A from L, 
and L from G; are diſtant by arches each equal to a quadrant; but the : 
arches GA, AD, DL, EE, and EG, are not quadrants. Hereare : 
therefore fvequadrantal triangles GADz ADL, DLE, LEG, and. 
EGA : - whoſe circylarparts are, as here appearth,, 


ADL, arc ALD, com. L D, com. A D L, com. AD DAL *3 


in. < DL E. arecom. DLE, com. L'D, E-DL, DEL,com LE 
the Tri- / LE G, are GLE, LGE com. EG, com. L EG, com. LE 
angke. EG A,arccom. A G,com. EGA,com-E G« GEA,. GAE: 

; Where you-may obſerve,thatthecirculer parts inevery of them re- 
main the ſame uchangeable ; and not only 1n theſe ten ffangles, but 
1a all others which do ariſe of the other interſetions- of theſe tenar- 
chesdrawn forth to whole circles : which becauſe they aremanyand 
confuſed, we here let them paſs, this being ſufficient for our purpoſe. . 


1: Fans. - 


The five ,* G AD, arecom. AG, . AGD, <« GDA, com.AD, com, DAQ; 
circular ; 
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x Fundamental AXIOM. 
Of the froe circular parts in « ſpherical Triangle, right angled or 
tal. . 
The ſine of « mille pert with Rading, i equal to the tangents of 
the extreams adjacent, or to the fines complement of the oppoſite 
Extreams. | 


Hat a middle part, and what the extreams are, whet 
y adjacent or oppolite thereto, we have before ſhewed Chap. 


2. of ſpherical Triangles. | . 


"T22 


Part 1. Now touching 
the firſt part - this Axiom 
in right angled triangles ; 
the Sndlen, rt DEW 
one of the ſides, or one of 
the oblique angles, or the 
hypothenuſal. 

Caſe 1. Let the middle 
part be a ſide ; asinthetri- 
anAe ABD, let A B be the 
middle part, ayd D B, and 
compl. A theextreams ad- 
jacent ; then I-ſay, that the 
fine of A B with Radios, is 
equal to the tangent of DB, 
with the tangent of the 


complement of D A 'B. 

For ( by the firſt Lemma) as the ſine of AB, is in proportion to 
Radivs : fois the tangent of D B, to the tangent of the angle at A ; 
" therefore alſoalternately, as ſine AB, to tangent DB : ſo Radius 
to tangent A. 

'But ( by the Corollary of the firſt Theorem of the fourth Chapter of 
Plain Triangles) Radius is a mean; proportional between the tangent of 
anarch, andthe tangent of the complement of the ſame arch ; ſo that 
as Radius, is to tangent A, ſo is tang. compl. A, to Radius : there- 
foreass AB, tor DB: ſo is tc A to Radius: therefore ( by the 
Corollary of 3 Prop. Chap. 2. of Plain Triangles) s A B4-Radius, is equal 
to D Bl-rc A, | 

Caſe 2, 


: 
: 
: 
' 
; 


| 
| 
| 
| 
| 
| 


| 
: 
' 


| 
| 
| 
| 
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Caſe 2. Let the middle part be-anangle, as in the triangle DAL 3 
let c9mpl. # L D bethe middle part, and #Z and compt.” 7 D the 
extreams adjacent, then I ſay, that the fine complement of #7 L, D, 
with Radius, is equal to the tangent of ZZ, with the tangent of the 
complement of £ D. 

For (by Lemma 4.) compl. # L D is equal to AB, and compl. 
LD to DB, and HL to compl. D AB, and here before we have 
proved, that s A B-}-Radivs, is equal tor D 8-þ- rc A, therefore al ſo 
5 HLD-|-Radivs, is equal to rc LD-j-t H L, 

Caſe 3. Let the middle part be the Hypothenufal ; as in the tri- 
angle G C A,let complement A& be the middle —_— complement: 
AGC, and complement CAG, 'theextreams adjacent; Then alſo 1 
fay, « AG-+ Radius, is equal tore AGC-+rcC A GE. | 

For we have before proved, that - 4 B-þ+Radius, is equal toe D B 
rc A, but (by the 4 Lemma) complement AG, is equal to A B, 
and compl. AGC to D Band compl.C AG tocompl. D A B,there- 
fore alſo 5c AG-|-Radius, is equal to re eAGC-þ tc CAG, 


Therefore in a right aneled triangle, the ſine of a middle part with Ra 
dinuyfs equal to the rangemts of the extreams adjacent. 
Et I ay further , that 


Part 2...T he ſte of a middle part with Radins, is equal to the ſines com- 
plement of the oppoſite extreams. 


For here alſo the middle part is either one of the ſides, or the hypo- 
thenuſal, - or one of the oblique angles. 

Caſe 1, Let the middlepart be a fide, as in the triangle AB D let 
D 3B be the middle part, and compl. A D, and compl. Athe oppoſite 
extreams. Then I ſay, that the fine of B D with Radius, is equal ts 
the fine of «4 D with the fine of . 

For (by Lemma 2.) as - A Dto Radius : os DB toſfine A, 
therefore ( by Corol. 3 Prop. 2. Chap. of.ptain triangles) 5D B 
+Radius, is equal to s A D-}-s A. 

Ceſe 2. Letthe Hypothenuſal be the middlepart, as in the trian- 
gle D H L, let comph, L Þ be themiddle part, and DF and H £ 
the oppoſite extreams; then | ſay, that & LD + Radius, is equal to :c 
DH+«H I. 

R For 


Hs Trigonometry. Book II. 


For.comp. L DN isequal to:D.B, and;DHis equal to comple A D; 
and H L to compl. D A B (by the 4 Lemma) therefore, &c. * 

Caſe 3. Letone of the oblique angles, be the middle part. As 
inthetriangle E 1G let.compl. 1G E be the middle part. Then 1 
fay that 5c 1 G E-|Radius, is equal to 5G E 14 5c E I. -For compl. 
IGE isequaltoD B, andG E1 is equal to A D, and E7tocompl. 
D A B. | 

Therefore ina right angled triangle, The ſines of 4 middle part with 
Rading, us equal t0 the fines compl. of the oppoſite extreams, 

And ſeeing (by the third Lemma) the circular parts of a right an- 
eled triangle, are the ſame with the circular parts of the quadrantal 
triangle acjoyning); therefore that which is here proyed touching 
right angled triangles, 15 alfo true of quadrantals, Therefore.un 4 
Sberzcal triangle, right angled or quadrantal, &c. Which was tO be 
proved. 


The ſame might alſo have, been demonſtrated G > 

in this Diagram without the fourth Lemma be- 

foregoing , but. becauſe that. fourth Lemrna is of 

fingular invention, and of it ſelf worthy tobe 

known, I have choſen rather ro follow herein the 

invention of the noble Author and Inventer of this B 
Prop. and of that third and fourth Lemma, than 

otherwtke. D 


And thus have we ſhewed the reſolution of Plain and Spherical 
Triangles, by this late invention of Logarithms, not excluding the 
ways tormerly uſed by natural fines, tangents, and. ſecants ; but de- 
livering the Rules in ſuch ſort,as they may be applyed to either. What 
hath been largely handled by others I have lightly pafſed over ; other 
things I 'haye more inſiſted upon. In all I have endeavonred-{fo much 
brevity, as might ſtand with perſpicuity. Now touching the applica- 
tion hereof, I doubt not but he that is exerciſed in the Mathematicks, 
will be able to apply it divers ways, eſpecially to thoſe parts wherein 
he is converſant 3 yet for their help that are but newly entered, I hope 
to do ſomething in that kind hereafter, as it ſhall pleaſe God to give 


opportunity. . To whom alone is dueallGlory igall things. 
FINIS, 
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AN APPENDIX. 


Touching the application of the Dottrine of Triangles in the 
"three principal kinas of Sailing. 


Y intent was here to-have annexed a Treatiſe of Navigation, 
and eſpecially of ſuch Points therein as have-reference to the 
Do#trine of Plain and Spherical Triangles : Being the rather thereunto 
induced, becauſe I had my firſt breeding in Mathematical Studies and 
Practices at Sea ; whereby | ſtznd the more indebted, as to that excel- 
tent e-rt, fo tothe worthy Profeſſors and Praftifers thereof. But 
wanting time for theaccompliſhing of that according to my deſire, by 
reaſon of my necellary abſence and employment far from home all 
this Summer, I have here, inſtead thereof, ſhewed the reſolution of 
certain-Problems, touching the three principal kinds of Sailing. 


Queſtions of ſailing by the plain or ordinary Sea-Chart. 


Although the ground of the Projection of the ordinary Sea-Chart 
being falſe (as ſuppoſing the Earth and Sea to be a plaia ſuperficies) 
and ſothe concluſions thence derived miſt alſo for the moſt part be 
Erroneous : yet becauſeit is molt eafie, and mnch uſed;and the Errors 
in ſinall diſtances not ſo evident, we wi!l not wholly negke&t it. 


Queſt. 1. Sailing100 Leagues upon the ſixth Rumb : how much ſhall 3 
alter my Parallel or Latitude ? 


Note. The angle that any Point of the Compaſs makes with the 
Meridiag, we call the Rumb : but: the angle that it makes with -any 
Parallel, we call the complement of the Rumb. 

And foraſmuch as toevery Point of the Compaſs there anſwers 11 
deg. 15', therefore the ſixth Rumb from the Meridian (namely, e * e, 
ese, w5Ww,0r ww) makes anangle therewith of 67 deg. 3&, whoſe 
complement 22 deg. 30', isthe angle of the ſatne Rymb with every 
Parallel, | £1341 

R 2 Now 


_— Problems of Sailing 


Now admit I fail from Dto A. ene D 
100 Leagues; I demand the. difference. of 
Latitude DB. er 
By the third Caſe of plajn triangles. A Dd 
As Radius, 
tothe diſtance run : AD 100Leagues 2.00000 
ſo ſine compl. the Rumb, s A 22 deg.zom. 9.53284 


to the difference of Latitude, DB 3873! Laggnes 1.58234 
ztitud 


In like manner you may find the difference of e for any 


diſtance run upon apy other point of the Compaſs. 


2 Sailing 109 _— upon the ſixth Rumb : how far am I departed from 
the Meridian of rhe place from which I came ? 


That isby the ſame things, as before I demand A B. 
By the third Caſe of plain triangles. 


As Radius, | 
ta the diſtance rnn : AD 1c Leagues 2.00000 
ſois the ſine of the Rumb , s D 67 deg. 30m. 9.96562 


tothe departure from the Merid. A B ga 733 Leagues. 1.96562 


3 Sailing upon the ſixth Rumb, till I alter my Latitude one degree, 1 demand 
how far I bave ſailed ? 


As failing fromDto A, ene, till the difference of Latitude D B 
be 20 Leagues ; I demand the diſtancerun A D, 


Say by the ſecond Caſe of plain triangles. 
As ſine compl. theRumb-, + A22 deg. zo m. co. «r, %.41716 


to the difference of latit. DB 20 Leagues 1.30103 
fois Radius, 
to. the diſtance run, AP $52 5*$ Leagues 1-71819, 


The like queſtionmight be moyed by the departure from the 
Meridian given. 4 Sailing 


| 
| 
| 
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4 Sailing _ the ſixth Rumb, till I have altered my latitude one degree : 
how much am 1 departed from my firſt Meridian ? 
As failing from D to A, en e, till the difference of latitude D B be 
20leagues ; I demand 4 B, my departure from the Meridian. 


By the firſt Caſe of plain triangles, 
As Radius, 


to the difference of latitude : DB 20 leagues 1.30103 
ſois the tangent of the Rumb, t D67 deg, 30' 10.33278 


to the departure from the Merid. AB 48 534 1.63381 
In like manner by thedeparture from the Meridian given, you 
might find the difference of latitude. 


5 Sailing upon ſome Rumb, between the North and Eaſt 52% leagues, and 
finding that I have altered my latitude one degree : 1 demand upon what 
Point I have ſailed ? 


As if I fail from D to A (being ſome Rumb between the Faſt and 
North) 52+ Leagues, and then find the difference of Latitude D B, 
to be 20 Leagues ; I demandtheangle 4 D B. 


Say by the ſixth Caſe, 
As the diſtance run, AD 52 2 Leag, co. ar. * 8.28191 
is to Radius: 
ſo is the difference of Latitude, D B 20 Leag, 1.30103" 
toſinecompl. the Rumb, s A 22 deg. 30m. 9.58294 . 


Whofe complement D 67 deg. 30m. is the ſixth Poimt from' the 
Meridian, namely, exe. Here we neglect ſome part of a minute (as - 
in theſe things not to be regarded) and ſoinother places. 


6 .Sailing upon ſome Riomb between the North and the Eaſt 52 4 Leagues ; 
and finding that I have altered my Latitude one degree, 1 would know my... 
dperrare Freck my firſt Meridian. 4 

y 
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By the ſeventh. Caſe. 

To the diſtance run, add the diſtance of Latitude, and alſo ſubſtra& 
it from the ſame, noting the ſum and remainer. Then add together 
the Logarithms of this ſum and remainer, and half the total is the 
Logarithm of the diſtance from the firlt meridian. 


Diſtancerun D A, 52+ leagues F Sum 5925 leagues. 1, 5884 
Differ.of latit, DB, 20 leagues? Remain 32 5 leagues. 1 50853 

IO 3-36737 
Departure from the meridian A B, 43; leagues. 1.68368 


The ſame may be otherwiſe found by the ſame Caſe. 
And in like ſort might the difference of latitude he found, the depar- 
ture from the meridian being known. 


Fhe diſtance of the meridians of two places, and the diff erence of the 
Latitmdes of the ſame places being given, to find the Rumb and 
diſtance. 


As let A repreſent the Lizard in the Weſt-Part of England, and 
AB the paxalel thereef, audiet D repreſent St. Mary's land, being 
one of the Azores, 'D B the meridian thereof. 

Then is AZ, the diſtance of the Lizard 


from the meridian of St. ary's, which let be D 
272 leagues; and D B the diſtance of their 

parallels, or difference of their latitudes 256 

leagues. Idemand the Rumb :, namely, the ors | 
angle at D, and the diſtance in the Rumb, A - ART B 
AD. © 


Firſt, for the Rumb, ſay by the fourth Caſe. 
As the difference of Latitude, -D-B 256 Leagues, com. ar. 7-59176 
is in proportion to Radius : 
ſo is the diſtapce of the meri. A B 272 leagues, 243457 


to the tangent of the Rumb, * D 46 deg. 44 m. 10.02633 

Which is the fourth Rumb from the meridian, and 1 deg. 44+ Mm 
more, which ſhews the courſe from St. Mary's to the Lizard, to,be 
North-Eaſt 1'deg. 44 m. ecaſtcrly : .or from the Lizard, to St. Marys 
South-Weſt 1 deg. 44m. weſterly. And thus it ſhogld be by the plain 
Chart. | 


Secondly, 


© m———_ 


—_ 
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& Secondly, for the diſtance AD; ſay by the ſecond Caſe, 


As the ſine of the Rumb, s D 46 deg. 44' c.ar, 0.13776 
to the diſtance of the Meridians AB 272 leagues, 2.43457 
ſois Radius, C— 
to thediſtance of the places, AD 373 3 leagues, 2.57233 
Or otherwiſe. 
As ſine compl. the Rnmb, s Agz d. 16' co. ar. ©. 164c6 
to the difference of latitudes: DZ 256 leagues, . 2.40824 
ſo 1s Radius, — 
to the diſtance of the places, AD 373 3 leagues, 2.57230 


And ſuch ſhould be the diſtance by the plain Chart. . 

8. Sailing away w $ w, I ſee a Point of Land, which I ſet, and find to 
bear from me w by n ; and having ſailed ſix Leagues further, I find it 
bears from men w by w: I would know how far it i diſtant. 

As let E be a point of Land, 
which when the Ship is at 4, I ---D 
ſet and find to bear from me w 
by » , but Ihold on my courſe 
from A to D ws wai8s-miles , 
and at D, I ſet the ſame Point =__'Y 
of Land again, and find it to E, 
bear from me »w by w: I demand the diſtancethereof DE, that is, 
how tar it was from me in my laſt obſervation. . 

Firſt, I conſider that between A E the w by n, and AD thewswis 
three Points of the Compaſs, that is, 3 3 deg. 45 m. which is the angle 
at A: alſo between E A, the e by 5, and ED the s e bye, are two 
Points, that is, 22 deg. 30m. 

Therefore by the 8 Caſe of Plain Triangles. 

As ſine the angle at the point 
ſeen , 

i5to the diſtance -run AD 18 mules, 1.25527 


{1o ſine the angle at the firſt : 
place of obſervation , 5 A33 deg. 45 Mm 9.74474 


E 22 deg. 30 m.com, ar. . 0-41716 


tothe diſtance of the Point ſeen E D 26 4 miles, . 1.41717 

Whereby it appears, that the diſtance of the Point ſeen from the 
place of your laſt obſervation, is 26 miles, and a furlong. Inlike 
manner, you may find the diſtance thereof from the place of your firſt 
obſeryation A, 


Admit 
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eAdmit the courſe from the Lizard to St. Mary's be S W the diſtayce 
373% Leagues, A certain Ship bound from the Lizard to St, Mary's, 
ſteers away $S W,, and afterwards W by S, and ſo ſometimes upon one | 
of theſe points, ſometimes pon the other, till ſhe arrvoes at St. Mary's; 
now 1 demand how many Leagues ſhe hath ſailed upon one of rheſe Points, 
and how many upon the other ? 
Let A bethe Lizard, E St. Mary's, and ſeeing 5 5 w w_ from 

sw two pointsMmakesan angle therewith of 22 degr. 30 m- which let 

be 4; alſow by s makes with swanangle of 33 degr. 45 m. whichlet {| 


be £; alſo s 5 w makes with» by «an angle of 56 degr. 1 5 m. which let |} 
be the complement of D to 180 degr. 
Therefore by the 8 Caſe, 
Asthe ſine of D 56 degr. 15 m. co. ar. 0.08015 
to thediſtance given AE 373 7 Leagues 2.57113 
ſo is the ſigeof E 33 degr. 45 m. 9.74474 
to AD 243 75 Leagues 2.39602 
Which. is the dillarg run vpon the 5 5 w point. 
P Again , 
As the fine of D 56 degr. 15 m. c. a, 0.cgoig 
tothe diſtance given AE 373 3 Leagues 2.57113 
ſois the ſine of A 22 deer. 30m. 9.53284 
to the way run E.D mitt 2.23412 
Which is thediſtarce run uponthe w by Point. 
10, A Merchanmt-Man being in the Latitude of 43 degrees, falls into 


the hands of Pyrats;, who, among ft other things, t aks away his Sea-com- 
paſs : But when he us gotten clear, he ſails away as direttly as he can, 
ard after two days meets with a Man of War, who alſo had been the day 
before in the Latitude of 4.3 degr.and bad ſailed thence $ e by s 37 leagues: 
Fe deſirous to find _ Pyrates, the Merchant-Man telts h1m, he left 
them lying to and fro where they t 00k him, and he had failed ſince at leaft 
64 leagues berween the South and Weſt : what courſe ſhall the man of War 
to find theſe Pyrats ? 
et AE be the parallel of 44 degr. D the place where the Ships 
-meet. Then1s there given A D 64 leagues, E D 37 leagues, and the 
angle D E A five points, or 56 degr. 15 m. 

T berefore 


> Ds 


«7 OT RI— COUT. Ago 


APE” > 


| 
| 
| 


by the plain Sea-Chart. IJ1 
. Therefore by the 9 Caſe of plain triangles, 


As the diſtayce run by the 


Merchant-Man, $4D 64..leagnes 9, ar. $-19382 


to ſine the * le given : k s $6 d. 15 m. 9.91985 
So is the diſtance run by | 

the Man of War, {ED 37 leagues, 1.56320 
to ſine anangle required, s A 28 d. 44 m. 9.63187 


Thatis w 5 wG6d. 14 m. Southerly, and ſo hath the Merchant-Man 
ſailed ; therefore toreturn to the ſame place, he muſt ſhape his courſe 
ene'6 d. 14 m. Northerly. 


11 There are two Ports lying n e, and $s w tne of another, a ſhip ſails 
fromthe weſtermoſt of theſe Ports e@ $ e, 47. leag. another departing 
from the eaſtermoſt Port;, ſails 66 leag. and then meets with the for- 
mer ;, what courſe hath thys jecond ſhip kept, and how fav are theſe Ports 
aſunder ? l 
Let the North-eaſt Port be A,the South-weſt F,and the pervay 

theſe ſhips meetat D ; and ſoraſmuch as from E to A,the courſe is 17; 
and from E to. D Eaſt South-eaft : therefore the angle at E 1s 67 deg. 
30m. and theſide ED 47 leagues, and AD 66 leagues. 
T herefore by the g Caſe of plain triangles. 
And ſeeing from A to E, the 
As 4 D 66 leag. co. ar. 8.18046 courſe is South-welt, and from 
to ſine E 67 deg. 30M. 9.96561 AtoD, 41d. o8m. more Sou- 
ſo E D47 leag. 1.67210 therly z therefore the courſe 
from Ato D, is South 3 d. 52 
to ſine A41 d. o08.m. - - 9.818179 m. weſterly. | 
Secondly, for the diſtance of theſe Ports A E, the angleat 4, being 
41 d.o83 m. and the angle at E 67 d. 30. m. the ſam of them both is 
108 d. 38. m. which ſubſtrafted from 1804. leaves the angle at D 71 


d. 221m, 
$1091) « Therefore by the 8 Caſe of plain triangles. 
As ſine E 67 deg. 30 min. 0. ar. . 0.03439 So that the 


to AD 66 leag. | 1.31994 diſtance between 
{0 fine D51degr. 22. min. 9.97662 the two Ports, 

"5 2 wY " — i067 agus. 
to. AE 6772 leag. 1.83055 * 


S Some 


- 
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5, 


Some may think it requiſite, that the latter part of this Problem ® 


{ould have beenadiſtin& Caſe in plain Tri :+ but becauſe 
ſame things are here given 3 inthe 9 Ga nn operation manife = 
by the 8 and 9, I thought ir not neceffary tomake another Caſe of it. 


12 Coaſting along towards the Evening, I have ſiobt of a Cape or - 
land, beyond which I defire to ſteer 5% vext F, xd-ho a, hatey ro 
me $ Se, and zs diſtant rf Tarn 11 leagues ; bur 7 ſteer away South 
till two of the Clock, in the Morninf, about 12 leagues ; and then would 
know how the Cape bears from me , and how far it us off ? © 


. 


D. As admit ati, I obſerve the 
Cape D to-bear from me 55 e 11 
leagues ; +batI ſteer away South, to 
E 12 leagues. I havethen AD 11 

E- leagues, AE. 12 leagues, the angle 
at A 22 degr. 30 m. 

Firſt then for the angle at E bythe 10 Caſe. 


As AE+-AD 23 leagues compl, ar. 8.63828 
to AE+A D-'01 league,: 

ſort (E-+D) te 758degr. 45 m> 10.701 34 
to tang. an angle F. 12 degr. 20m- . | 9:33992 


Which fubſtrafted, Do 

haaaabbes q E 66 degr. 25m. | | 

In-working this Example, becauſe the angle given Ais22 degr.z3& 
therefore the other two & and Dare 157d. 30m. ( by. the 1 Lemma 
ofthe 3 Chapter of Plain Triangles) the half whos is 78d. 45; 
whereby we find en angle at F, 12 4. 20m. which ſubſtratted from 78 
d. 45 m, there remains the angle at E 66d. 25 m. Wherefore ſeeing 
E Aisa North line,ED. is almolt re, namely, exe 1d, g*. Northerly. 

Secondly , for the diſtance of the Cape ED. by the 8'Caſe. 
As fign theebgle found, © 5 E66d."25 m.. co.ar. 0.03788 


to thediſt.in the evening: A D 11 leagues, 1.04139 
So the ſine of the ang, given, 5 A 23 degr. 30 : 9.58234. . 
tothe diſt. in the morning ED 43% leagues, 0.66211, 


That is above 4 leagues and at half diſtance. 


13 ; Admit. 


| b the plain Sea_Chart. 1 }7 
13 Admit 1 ſail nway from a certain Port $$ w 50: leagnes, and thence 
again w by s 30 league; upon whaz point. have 1 made my way good, and 
how far am I come from that Port ? 
As admit aero AtoD : 26 glen, _—— 
by « 30 leagues, is required the courſe A,or E, iſtance AF. 
From the 15w tothe wby 3, are five points ,that is 56d. 15'm.whick 


is the com ofthe angle at _D, to 18 degr. Sothat the angle at 
D is 1234. 45 m. Wherefore here are given thetwo ſides AD and 
ED, and their contained angle atD : ore, 
As AD-+EDS80 leagues | £0. ar, 8.99691 
to AD—ED 20 leagues 1.30103 
ſor *(A-+E) t 28 d. os, : 9.72810 
to tF' ond. 37 m-. 9:12604 
Which ſubſtraCted 


mein "© A 20 degr. 31 m.  - | | 
Whereforeſeecing the courſe from eAFto D is 5 - w, the Tourſe from 
A to Eis 20d. 31 m. moreWeſterly, that is 5 w 2 deg. ſoutherly ;fo 
that.I have made my way good - w 2. degr. ſontherly. 
Secondly, for the diſtance upon that Point. 
As ſine the angle found, s A 20depgr. $1 m. co. ar. 0.45534 ® 


to his oppolite ſide given: ED 30 leagues 1.47712 

ſoſine theangle given, «s D 56 degr. r5 m. 9.91955 

tohis oppoſite ſide requir. AE +41 *leapnes 1.85231 
Whichis the diſtance from that Port.) 


14 There are two Ports in one and the ſame parallel or latitude, diſtarit 
64 leagues; and there 15 a certain Iſland more Southerly, diftant from the 
Eaſtermoſt of theſe Ports 4,7 leagues, and from the Weſtermoſt of them 
3 Arras : I demand the courſe from the Eaſtermoſt Port to that 

? 

Let the Eaſtermoſt Port be A, the 
Weltermoſt E, both in one and the 
ſame parallel AE , diſtant 64 leag, 
nts de D, diſtant from 4 
47 leap. rom E 34 leag. there is - : . 
required the courſe from 7 4 D, that A | + - 
1s the angle at A, or the camplement 


S 2 


- 
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0, * 


Some may think it requilite, that the latter part of this Problen® 


ſhould have beena diſt in&t Caſe in plain Triaugles : but becauſi 
ſame things are here given &'inthe g Caſe,and the operation noe 
by the 8 and g, 1 thought ir not necefiary tomake another Caſe of it. 


12 Coaſting along towards the Evening, I have ſioht of a C - 
land, beyond which I defire to ſteer ferke xext f/m; Se a het yoo 
me $$e, and zs diſtant by eſtimation 1 1 leagues ; bur 1fteer away South 
till two of the Clock, in the Morninf, about 1 2 leagues : and then PAT 
know how the Cape bears from me, and how far it us off ? 

. * 


D. As admit at:4., I obſerve. the 
Cape D to-bear from- me 5s e 11 
leagues ; +butI ſteer away South, to 
E 12 leagues. I havethen AD 11 

E- leagues, AE. 12 leagues, the angle 
at A 22 degr. 30 m. 

Firſt then for the angle at E bythe 1o Caſe. 


As AE+AD 23 leagues. compl, ar. 8.63828 
to AE-+-A D-*o1 league: 

ſort (E-+D) rt 58degr. 45 m- 10,701 34 
to tang. an angle F. 12 degr. 20m-- . 9:33992 


Which ſubſtrafted, "Hh 

ds mypwnearh q E 66 degr. 25m. 

In-working this Example, becauſe the angle given Ais22 degr.3& 
therefore the other two E and D are 157d. zom. ( by the 1 Lemma 
of the 3 Chapter of Plain Triangles) the half whereof is 78d. 45', 
whereby we find enangle at F, 12 d. 20m, which ſub from 78 
d. 45 m. there remains the angle at E 66d. 25 m. Wherefore ſeeing 
EAisa North line,ED.is almolt re, namely, ene 1d. g*. Northerly. 

Secondly , for the diſtance of the Cape ED.by the 8 Caſe, 
As fign theetgle found, * * 5 E66d.”25 m. co.ar, 0.03788 


to thediſt.in the evening: A D 14 leagues, 1.04139 
So the ſine of the ang, given, 5 A 22 degr. 30 9.538284. 
tothe diſt. in the morning ED 4% leagues, 0.66211, 


That is above 4 leagues and ah half diſtance, 


13 ; Admit 
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12 Admit 1 ſail way from a certain Port $s w 50 leagnes, and thence 
again w by 8 30 league; upon what point. have I made my way good, and 
how far am I come from that Port ? 

As admit I fail from AtoD 5s 5 w goleagues, and from D to E w 
by 3oleagues, there is required the courſe A,or E, and diſtance AF. 
From thie - 5 w to the wby 5, are five points ,that is 56d. 15m. whick 
is the com ————— 180 degr. Sothat the angle at 
D is 1234. 45 m. Wherefore here are given the two fides AD and 


ED, and their contained angle at D : ore, 
a AD+ED80 leagues | £0. ar, 8.099691 
to AD—ED 206 leagues 1.30103 
ſor >(A+E) t 28d. o8, 9.72810 
to tF' o7d. 37 m. 9:12604 


bon A 20 degr. 31 m. | 

W hereforeſecing the courſe from eto D is s 5 w, the Courſe from 
A to Eis 20d. 31 m. moreWeſterly, that is -w 2 deg. ſoutherly ;fo 
that.I have made my way good - w 2. degr. ſoutherly. 


Secondly, for the diſt ance upon that Point. 


Which is the diſtance from that Port.) 


64 league 
Eaſtermoſt of theſe Ports 47 leagues, and from the 
34 leagues : 1 
Iſland? 

Let the Eaſtermoſt Port be A, the 
Weltermoſt E, both in one and the 
ſame parallel AE, diſtant 64 leag. 
andletthe Iſland de D, diſtant from A _ 
47 leag. and from E 34 leag, there is - 


As ſine the angle found, «+ A 2odepr. $1 m. co. a7. 0.45534 ® 
to his oppolite fide given: E D 30 leagues 1.47712 
ſoſine theangle given, sDg6 degr. r5 m. 9.91985 
tohis oppoſite ſide requir. AE +41 *leagnes 1.85231 


14 There are two Ports in one and the ſame parallel or latitude, diſtant 
53 and there 1s a certain Iſland more Southerly, diſtant from the 
eftermoſt of them 
demand the courſe from the Eaſtermoſt Port to that 


3p. wages o—_ _ Ato D, that A B E 
S e at 4,or camplement 
F e"8l 2 P 
S 2 By 
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By the 12 Caſe of plain triangles. 


As the diſtanteof the Ports A E 64 leag.  - £0.47. 8.19382 
to the ſum of AD and ED 81 leag. 1.90848 
{ois thedifference of AD and ED 13 leag. 1-11394 
toa certain line AI 167535% 1.21624 
whichadded to AE is 807345 C 
the half whereof is AB 405332 
Then by the ſixth Caſe of plain triangles. 

As AD 47 leag. comp. arith, 8.32790 
to Radius 
So AB 40 553% 1.60452 

- OO IR 
toc Azi.g3 d. gi m. 9.93242 


That is South-weſt and by Welt 2 d. 36 m. weſterly, which is the 
courſe from the Eaſtermoſt Port of the Iſland. 


15 ef Ship ſails from one Port to a ſecond $$ e 76 leag. and from thence 
roa third 5 4 ledg. and fromthat third to. the firſt 85 leag. TI demand, 
the courſe fromthe ſecond Port to the third, and from the third to the 

rſh ? S 


This and the like are to be wrought as the former,which therefore. 
we leaveto your own practice. 

Some ( as I have underſtood ) who dolittle of themſelves, but 
carpat others, and yet borrow of them, blame me for ſetting down ſo 
many Problems;but he that knows how to number aright the Queſti- 
ons that might be moved, knaws that Leave untouched a far greater 
number of the ſame kind than thoſe I handle, for I deſire not to be te- ' 
dious at any time. Yet he that learns nomore than ſneeds muſt, will 
never be able to learn all that ; for we donot fully underſtand a thing 
till we have throughly yiew'd it on every fide. -. Therefore notwith- 
ſtanding ſuch captious perſons, as take offence without juſt cauſe}, I 
ſhall for their ſakes, who well accepted my former labours$,add in this 
place five Problems more, (not handled by any other that I know) 
which being well underſtood and confidered,may be asan introduCtion 
to, many. : CITE Ne > " 

Firſt, 


©, 
= 


by the plain, Sea-Chaxt. 13”. 


: Firſt; "Then it is beunderſtood, that a Ship :faling'to/ windward, 
will ( as I remember” uſually-liewithuny ppdnsVof the! wind? ('if 
i6beſomething moreor Teſs,” tmatters, not) evby reaſdmo hev']ce- 
ward way;ſhe will ſcarce make her way good wickun 6 þ. wry of the 
wind;ſometimoes more, fomeringes leſs, according as the % her, 
or ſnoother, and according to the mould of the-Shipyant-faif ſhe 
bears : So that inſailing ton place direQyts windward; ſhefails uſu 
ally three or four times the diſtance of that place before ſhe arrive at 
it. But if the place co which ſhe fails be not diretly to wigs b 
but within a point,two,three;four,five or (ix points 9 wind, then 
though ſhe.turn to windward, as cage Lat ſooner arriye at 


the place than before : but how, and in whatpropor:ion,* for rite 9fit , 
and forthe other, may appear By theſe enſuing Proalems. As, t'* 


16 Let the poſition from A td B(inthisnext figure) be South 100 miles, 
and the wind at South, and admit the Ship intending to, ſail from A to B, 
make her way good within q7y d. 31 m.of che wh ( which is almoſt 6 + 
points of the Compaſs ) I demand how far fbe muſt [ail wpoxs One tack and 
hnw far upon the other, before ſhe arrive at BY © © © h 


Then AC being the Ships way, ſo near the wind as'ſhe can makeher 
way good, theangle BAC is 75 d. 31 m. whereto is equal the angle 
ABC (for AC and BC croſs the ſouth line 4 Z alike, 'or at equal 
angles) the ſum of-theſe twoangles at Hand B is 151d. o2' which 
ſubſtratted from 180d. leaves the angle-art C 289: 58 m. and*thns 
we have the angles of the triangle «AFC, and the fide AB roo miles : 
Say then, | 


As ſine the angle C 28d. 58 m, compl, arith. 0.314383 
tothe ſide AB 1c0miles , " ſp ro 
ſo * the angle A475, 32 | 9.98397 
tothe ſide BC 200 miles fer? | 2.30085 
Whereto is equal theſide AC ( becauſe theangles at 4-and B are 


equal) therefore 1 ſay, ſhe muſt fil with her Larhoord tackaboord 
* 260 miles(whethticr at one or many boords) and as ithher 
oo PLw Oil x Y ' > £11) Stax- 


Mc 
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Star-Boord tack a boord, in all 440 miles to cometo B, being from A 
only 100 miles, bat direftly.to wind-ward.” - But, 


17. Let the poſition from A. to B be'(aa before) South too miles,, and the 


wind at South ; and admit a Ship ſailing from A to B ( making one or 
| rag jaay bows doth run-3 00 miles can reach B, that is 150 with 
r 
demand how neer to the wind fhe makes her way good ? 

Let fall from C a perpendicular 
to AB, namely, AD, which divides 
the ſide AB into two equal parts, fo 
that AD, and, DB afe each 50 
miles, and AC and BC each 150 
miles z therefore in the right an- 
gled triangle AC D, ſay, 


As the ſide AC 150 compl. arith, | 7.32391 
to Radius : ; 

ſothe ſide AD 50 | 1.69857 
tos the angle DC A 19. degr. 28m. 9.522883 


Whoſe compl. 72 degr. 32 m. is the angle DAC, ſhewing that ſhe 
makes her way good within 70 degr. 32 m. of the wind. 


18 Letthe diſtance from AtoE, in this next Diagram, be 100 miles 
South-weſt, the wind at Soath; and let the Mo _ ber way gooe 
within 70 degr. 32 m.of the wind : I demand the diſtances A C and 


C E, that ts the Ships way by dead reckoning upon the one tack, and upon 
the other. . 


Then 4 B being 9 Squth line (or 


gle BAC is 70d. 32 m. from which 
ub ing BAE 4 poiats, or 45 d. 
there-remains the angle EAC 2yd. 
32 m. Again, the complementof 


donbledis33 d. 56. m. the angle at 
C, and adding theſe. two, namely 
254. 32. m.and 38d. 56'm. the Sum 

is 


-boord tack.aboord, and 1 50 with the Star-boord tack, aboard. 1 


point upon which the wind is) the an 


704. 32 m..is 19.d.,28 m. which , 


| 


ER 
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is 64d: 28 m. the outwardangle at E. Thus have-we the angfes of the 
triangle AEC, and the ſide AE 100 miles. © Say then, 


As5C 33d. 56'c0.ar. 0.20t75} As 5 C z3d. F6" C0. ar. 0.20195 


toA E 100 miles 2,00c0e| to AE 100 miles 2.00009 
ſos E 64d. 28' 9-95537| ſos EAC 250. 32 9.63451 
to AC 143 5$ 2.15712]toE C 68585. ; 1.383626 


Thusit appears, that to fail from 4rd E, which is Southweſt 100 
miles with the wind at South, and making her way good within 70d. 
32 m. of the wind, ſhe muſt fail with ker Larboord tack aboord neer 
143 i* miles, and with her Star- tack aboord near 68 7 miles : 
Icall 212 7 miles that is near ws i quarter point Weſterly 143%? 
miles, and & 5 e.a quarter of a Point Ealterly 68 75 miles. 


19 Let-rhe diſtance from-AtoE be 100 miles Southweſt , the: wind at 
South : a Ship ſails from A.to C, ſo near the wind at ſhe can by 143 5* 
miles, "nnd from Ct E $8 75 miles: 1 demand .how near the wind ſhe 


makes her way good ? 
Here from AC 143-6" 


ſybſtralt EC 68.6» *' 
there reſts ER 575 miles. . 


f 
. 


Then ſay, ) : 

* As the ſide E B 74 miles: "onmph ar. 8.12494 
to + the angle B-AE 45 d..co m, 9.84948 
ſois the ſide AE 10omiles. . | ,. 2.00000 
to ;the angle at © 8 50id.32m 9497442 * 


Whereto is equal the angle BAC, whence I < that ſhe makes 
her way good within 70 degrees, 32:minutes of thewind ; ſo that 
the wind Neing at South, ſhe makes her way good upon the one tack 
near = + Point - Weſterly, and upon the other ec 4 Point 

I have about 2.2 years paſt, in'my Book entituled,, The Sea-AMar's 

Prattice, ſhewed (firlt I think of any man, though ſome have touched 

pon 1t funce) the reſolution of about a dozen queſtions touching 

Currents, 
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Currents" have added only this one in this place; leaving the" reſt. 


(which are many that might bemoyed (touching a ſhip failinging 
Current, or out of a Cyrrvat, by a wind or large) toour ingenious 
young menat Sea, for their exerciſe at their leiſure; havingelſewhere 
opened curſorily themethod for framing ſuch Queſtions or Problems, 
in Sdbjefts Mathematical, or otherwiſe. 


Let the diſtance from AtqE be ( a4 before) 100 miles Southweſt, the 
wind at South, and a Current under the Lee-bow ſetting almoſt ese, 
namely, South eaſterly 70d. 3 2 m: And admit a ſnip which will maks hey 
way good within 70 d. 32 m.of the wind, ſails cloſe by the wind. from A 
towards C three dayes, and then arrives at E : 1 demandhow far ſk \ 
ſails by dead reckgning, and how fgft that Current ſets ? X 
Here then- the angle B AC WW 70 : p - 

d. 32. m. from which ſubſtracting : 

B AE 4 points, ©or 45d. there re- 

mains the angle E AC 25 d. 32 m, 

And --ſeemg the Current. ſets accor= 

ding to the line C E-B, : Eaſt South-ealt - 

eaſterly, namely, Southeaſterly 70 d. 

32 Mm. therefore the angle at B, is 

alſo 70. d- 32 m. to which adding 

B AC, the ſum is 441 deg. 04min. 

which taken from two right; angles ;; or 180- d. leaves the angle 

AC Bor AC E38 d56m. towhich adding E AC 25 d. 32. the ſum 

is the outward angle BE A:64 28 m. And thus we have the three 

of thetzriangle 4 &:C,apd the fide A E 100 miles, whereby we 
may find AC the diſtancerun,by dead reckoning, and CE the drift of 
the Current, in manner following. -.. | | 

Ass ACE 38d. 56' co. ar, 20175 | As 5 ACE,38 d. 56' 60. 4r. 20175 

to the fide AE 1c0 mil. 2:00000 [tothe fide AE g09-mil. [209000 

' ſos BE A64d. 28m. 9.95537 [ſos E AC 25, 32 + 9.63487 


OT tmenooeaer IO oy, ——— 
to the ſide AC 143 5% to the fide-C E 63 5&s 1.843626 


21 1712 a 

"Which 143 +Sis thediflenctinnn -Which-68 7$ miles,,is the drift 
by deadTeckoning;! 141 4. |  ofghe Current in 3 dayes,which 

Again, : isalmoſt a mile an hour, namely, 

bb 196142 00 'v:mþ1! 328 ofa mile; or 95 centelmes 

T0} 12210113 .1.50 victt of a mile hourly. | of 


- 


es, A 


'Þ 
| 
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Of warns Mercator's Chart. : : 
And thus much of the plain Chart, which as it hath this commodi- 
ty that it is moſt eaſie: ſo it hath ſome diſcommodities intollerable. 
For there be very few places that can therein be expreſled according 
to their true ſituation and diſtance one from another. W hich as 
itisa great impediment in the praCtice of Navigation, fo it hath 
cauſed much confuſion in the Geographical and Hydrographbical 
deſcriptions of places, inſomuch as there are ſcarce extant any de- 
ſcriptions of the World, or the parts thereof, that are not — 
__ notorious Errors, the rom—_—_ of them hence ariling. Ic 
is indecd ancient, and till the paſs was known, 4t wasthe 
apteſt Chart that could be uſed, becauſe till then Men were Coaſters, 
and for the moſt part returned back the ſame way they went forth. 
And it may ſtill ſerve without any great Error, in ſuch places as are 
near the EquinoCtial, alſo in many other places for ſhort Voyages, 
and eyen for long Voyages, provided that a Man be ſure to return the 
ſame way that he went, or near the ſame. Otherwiſe if he truſt to . 
the plain Ckart, he willbe moſt groſsly deteived many times in his 
Courſe a Point or two of the Compaſs, and in his diſtance many 
hundred Miles. But in this Sea-Chart called Afercator's, all or any 
porncy Ge Wage may be ſet down, according to their Longitudes, 
atitudes, Courſes, and Diſtances, as truly and far more convenient- 
ly for the Mariners uſe, than upon the Globe it ſelf. So that it will 
truly ſhew the direftion and ail noſes place to place, which way 
ſoever a Man goes or returns. 

Some Men will ſay, that indivers reckonings by Aſercaror's Chart, 
they have found as little certainty as by the plain Chart , which I 
deny not ; but the reaſon is, becauſe there are few or no Charts made 
direCtly according tothis projettion. It will be ſaid, yes, there are 
many, and that 4 Man may have of them whenſoever he will beſpeak 
them. 1 grant, a Man may have thoſe which are ſo called ; bnt that 


| Whichisſuch indeed, muſt not only have the Meridians , Parallels, 


and Rumbs drawnaccording to this projeftion; but the Sea-Coaſts 
mult beinſerted by the like art and means asthey have formerly been 
inſerted into the common Sea-Chart ; otherwiſe, he that ſhall trans- 
fer places out of the common Sea-Chart into Mercator's, without due 
knowledge and reſpeft upon what occaſion , or for what reaſon 
hey were ſo placed in the —_ he ſhall transfer the 
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Errors of the one into-the other, and that ſometimes with 1n:reaſe, 
Wherefore it requires more than an ordinary Judgment, to draw a 
Plot direCtly according to this projection, for any place or places; 
and he muſt further know, or be made acquainted with the reckon- 
ingsof Mariners frequenting thoſe places; and that truly whether 
with allowance, or without ; and- whether agreeing, or difagreein 
with their Plots ; and fo comparing one thing with another, an 
weighing all in the balſance of a good judgment, he ſha!l be able to 
doit. The ground of the projection of this kind of Charts was point- 
edat by Prolomy, many hundred years ſince, and according to that 
ground , Mercator did of late years ſet fortl-an univerſal Mapof 
the World, whereupon theſe have been called Aercators Charts, 
But-the way how to deſcribethem, was firſt taughtby that learned 
Navigator- of our-times, M. Ed.Wright, in his Cook of the Correftzons 
of Errors in Navigation. From whence alſo the grounds and reafons 
of theſe enſuing Problems are to be taken: and it we would be as 
grateful roour own Countreymen, as toStrangers, I ſee not, but we 
may aſcribe as much to him in this, as toany other Man: Now that 
which he hath ſhewed to perform- by the -Chart-it ſef, we will here 
ſhew to work by the doctrine of plain Triangles, uſing the help of his 
Table of Latitudes-; of which, as M: Gwnter's Table for the diviſion 
of the Meridian Line, isan abridgment ; conſiſting of the quotients 
of every ſixth number, divided by 6, and two figures cut off : ſo this 
which I here exhibit, and call a Table of Meridional parts, is alſo an 
abridgment of that Table of M.Wrighes : namely, every ſixth number, 
cutting off 4 figures. So that this Table ſheweth how many parts 
every degree, and every tenth part of a degree of Latitude in this 
Chart, is fromthe EquinoCtial : namely, of ſuch parts as a degree of 
the EquinoCtial contains 60 ; he that deſires a larger Table, may uſe 
M. Wright's extant in his Book before mentioned. 
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The uſe of this Table ſhall partly appear in the Problems following, 
and may brit be illaſtrated thus. 


"Probl. 1. Tofindby this Table, what AMcridional parts are contained in 
| any difference of Latitude, | 


Takethe Meridional parts anſwering te each Latitude, ſubſtratt 
the leſſer from the greater z the remainer is the number of Meridio- 
nal parts, cantaiaed 1n the difference of Latitude propoſed. 


As let the one Latitude be go deg.oo' 3475 
The other 32 25 2058 $Merid. rae 


The Merid. parts contained in -the | 
difference of Latitude d 1417 Difference. 


Probl. 2. The Latitudes and Difference of Longitude of two places 
given ; to find the Rumb and Diſtance, , oi 


. To the intent the application may be the more evident, we will 
give Examples of two places expreſſed in rhe Chart. 

As admit the Latitude ofthe Lizard to be 50 deg.oo', the Latitude 
of Summers Iſlands, ſometimes called the Bermudas, 32 deg. 25', and 
the difference of Longitude to be 70 deg; 0-'; the Summers Iſlands 
being ſo much to the Weſtward of the Lizard: 1 demand the courſe 
and the diſtance from the one to the other ? 

As in this right angled triangle A DB, 
D tet A repreſent the Lizard, and AB the 


paralle! thereof, D Summers Iſlands, and 
D B the Meridian thereof. 
- Then is there given D B the difference 


Pp" Tay B of Latitude 17 deg, 35', and 4B, the 
| difference of Longitude 10 deg. oo; where- 
b the angles and hypothenuſal ſhould be fon by the 4 and 2 Ca- 


esof plain Triangles. But becauſe in this kind of projection, the de- 
grees 0 itude and Latitude are not equal (except in placesnear 
the Equi ) the degrees of Latitude at every parallel exceeding 
the degrees of Longitude, in ſuch proportion as the EquinoCtial ex- 
ceeds that parallel : Therefore theſe differences of Longitude and 
Latitude muſt firſt be expreſled by ſome one common ure. And 
for that purpoſe ſerves the foregoing Table, which ſheweth how ma- 


wy, 
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- ny equal -partSare from the Equinodtial to every degree of Latitude 3 

namely, of ſuch equal parts as a degree of Longitude contains 60'. 

. Wherefore multiplying 70. d. oo m. the difference of Longitude, 
by 60, have 4200 for the Meridional parts contained inthe difference 
of Longitude ; alſo (by the laſt Problem) | findthe meridional parts 
contained in the difference of Latitude to be 1417; fo that DB is 
1417 parts, and"A B 4200 ſuch parts. T1 

T herefae by the 4 Caſe of Plain Triangles. 
As the diff. of Latitude in parts, DB 1417 parts. c0. ar. 6.84563 
is in proportion to Radius : 
Sois the diff. of Longit. inparts, AB 4200 parts. 3.62325 


to the tangent of the Rumb, tD 71d.21m. 10.47188 
Which ſheweth the courſe from the Summers Iſlands to the Lizard 
to be exe3d.51 m. eaſterly ; or. from the Lizard tothe Summers 
Iſlands, w 5woz d. 51 m. weſterly. 
Secondly, for the diſtance in the Rumb. 
Reduce the difference of Latitude into Miles (multiplying the de- 
grees by 60, and to the product addin$the minutes. ) 
T hen by the 2 Caſe of Plain Triangles. 


As line complement the Rumb, - 5s A18d. 39' co. ar. 0.49514 
tothe difference of Latitude : DB 1055 Miles 3.02325 
So is Radius 

tothe diſtance AD 3299 Miles 3.51839 


Which is almoſt 1 100 Leagues, and this is the diſtance meafured 
inthe Rumb ; there isa nearer Cyt between theſe two places, whereof 
we ſhall ſpeak hereafter in Great Circle Sailing ;, but here, whenſoever 
we ſpeak of thediſtance of two places, we mean their diſtarfte mea- 
ſured in their Rumb. 


Prob. 3. The Latitudes of two places, and their diſtance given, to find 
the Rumb, and difference of Longitude. | 
Admit I ſail from the Lizard, being in the Latitude of 50 degreey, 
upon ſome point tothe Weſtward, 3299 Miles z and then find my 
ſelf in the Latitude of 32d. 25m. 1 would know upon what point [ 
have made my way good, and how much have altered my Longitude? 
The difference of Latitude D B is 17 d. 35 m. which reduced tn- 
to Miles, is 1055 Mikes. 
uU As 
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As the diſtance failed, AD 3299 miles, co: &. 6.48161 
is 4n proportion to Radius: 

ſo is the differ, of latitude, D B 1055 miles, 3-02328. 
to {ine compl. the Rumb, s A 18 deg. 39' 9.50486- 


That is ws w 3 deg. 51-min. weſterly. 
Secondly, for the difference of Longituae. 

Find by the firſt Problem what meridional parts are contained in 
the difference of latitude, which are here 1417, then ſay, | 

As Radius 

tothe differ. of latitude in parts: DB 1417 parts 3-15137: 

So is the tangent otthe Rumb.. t-D 71 deg. 21 10.47138- 

to the differ. of longitude of parts, A B 4200 parts ' 3.62325 

Which parts reduced into degrees, dividing them by 60, the quo-- 
tient is 7© deg. the difference of longitude.required, 


Probl. 4. By the Rumb, and latitude of two- places given : to find their 
diftance and diff erence of longitude. 

Admit I fail fromthe. Lizard, being in the latitude of 5o d.w 5 w 
3 deg. 51 min. weſterly, till I find my ſelfinthe latitude of 3 2 deg. 
25 min. I demand how far I have ſailed, and how much I havealtered 
my longitude 2 

Thediſtance 1s found, as in the latter part ofthe ſecond Problem, 
thus. Thedifterence of latitude converted into miles, is 1055 miles. 


Say then, 
As. fine compl. the Rumb,. s 4 18d. 39' co. ar. 0.4954 
to the difference of latitude, D B. 1055 miles 3.02325. 
So is Radius 5 — 
to the diſtance. AD 3299 miles 3-51839 


Andſ6 much is the:diſtance : the difference of longitude raay be 
found, as in the latter part of the third Problem, ſaying, 

As Radius, tothe difference of latitude in meridional parts : 

ſo is the tangent of the Rumb, to.the difference of Jongitude in 

minutes. 


Probl. 5. By the difference of longitude, Rumb, and one latitude : to 
find the other latitude, and the diftance. 

Admit I fail. from the Lizard, being in the latitude: of 5o deg. 

ww 3deg. 51 min. weſterly, till I have altered my Lengitede 70 

eB. 


—_ 


by Mercator's Chart. | 149 


deg, how much have [ laid the Pole , and how far am I from the 
Lizard ? 

Reduce the difference of Longitude into minutes, by 60, and fo it 
makes 4200; then ſay, 

As the tangent of the Rumb, t D71d. 21'co. ar. 9.32829 

tothediffer. of longitude in parts : A B 4200 parts 3.62325 

So is Radius, 

to the differ, of latitude in parts. D B .1417 3.15154 

Now, the meridional parts anſwering the latitude of 5o d. oo m. 
are 34.75, from which ſubſtrafting 1417 here found, there remains 
2c58, againſt which 1 find in the firſt Column of the Table 32 deg. 
25 min. whichis the latitude required of that other place to which I 
am come ; ſo that the difference of latitude is 17 d. 35 m. 

Secondly for the diſtance. : 

Having already the Rumb, and difference of latitude, it may be 
found, as in the ſecond and fourth Problems, ſaying, 
As ſine compl. the Rumb, s A 18d.39' co. ar. 0.49514 


tothe difference of latitude, DB 1055 miles 3.02325 
Sois Radius 
to the diſtance AD 3299 miles. 3-51839 


Probl. 6. By the Rumb, the diſtance, andone latitude given to find the 
other latitude, and the difference of longitude. 


Admit I fail wow 2d. Fr weſterly, D 
3299 miles, and then find my ſelf in the 
latitude of 32 d. 2g m. 1 demand the lati- 
tude of the place from which [ came,and the 
difference of longitude between that and A B 
this ? 
Firft, for the difference of latitude. 
As Radius, 
tothediſtance run: AD 3299 miles 3-5133$ 
Soſine compl. the Rumb, s A 18d. 39 m. 9.59486 
tothe differ. of latitude, DB 1055 miles 3-02324 


Which 1c 55 miles converted intodegrees, is 17 deg. 35* the dif- 
ference of latitude required: which added to 32 deg, 25', makes 50 
deg. o&' the latitude of the firſt place. | 
: The difference of longitude is found as before in the third Problem, 

aying, | | 


U 2 As 


"$50 Problems of Sailing 

As Radiusto the difference of Latitude in meridional parts : 

So is the tangent of the Rumb, tothe differ. of Longit. in minutes. 
And thus the difference of Longitude will be found as 1n this Example 
to be70d. oo”. ES > ; 

If at anytime you deſire to convert. this difference of Longitude 
found inany parallel into miles, you may do it after this Example. | 

7. Admit there be two places, both in the parallel of godeg. which 

differ in Longitude yo deg. co': I demand the diſtance of rheſe. 

- two places ? . 

Firſt, it is tobe-onderſtood, that the minutes of Longitude in any- 
parallel, are in proportion to the diſtance in Miles,as the Xquinodtial 
15 to-that parallel; oras the Semidiameter of the one 1s to the Semi- 
diameter of the other. That is, 

As Radips is in proportion, 


to ſine compl. the Latitude 5 56 5o deg, os g.80807 
So is the differ. of Longitude, 4200 minutes, 3.62325 
to. the diſtance in that para!lel, 2700 miles, 3.43132 


| Problems of Sailing by a great Circle. 


* Eeing the ſuperficies of the Earth and Sea is ſpherical, therefore 
g the moſt abſolute way of Sailing is by the arch of a great Circle, 
drawn, or conceived to be drawn on the ſpherical ſurface of the Sea 
from place to place; and other wayes are ſo much the better, by how 
much the nearer they approach thereto, or may be thereanto reduced; 
and for this cauſe, the Sailing according to Mercator's Chart, is to be 
preferred before the Sailing according to the common Sea-Chart, be- 
ing more reducible tothe ſpherical ſuperſicies of the Earth and Sea. 
Neither have. 1 at any time ſaid otherwiſe, whatſoever ſome in Print 
would make me fay withoutany aſlent or knowledge 'of mine. It will 
be faid, that there 1s ſome more difficulty in Sailing according to Mer- 
emror's Chart, than by the-common SeaQChart ; and ſomewhat more 
difficult Sailing by the arch of a great Circle, than by either of them : 
No doubt, ſince the fall of Man, there are thorns and briars, or dif- 
ficulties encountring our beſt endeaycurs : Bur truth andexaCtneſs, 
though joyned with ſome difficulty, is to be preferred before Error, 
though never ſo caſic 3 alwayes cndeavouring to make the way of 
truth 
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truth as caſie as wecan. Therefore we come now briefly, to ſhew 

the way of Sailing by tHearch of a great Circle,by help of tHE Pn Fine 

CR Triangles, forafmuch as there 1s ho way Gdifcovered to the 
orld mor e abſolute. 

In the former Problems of Sailing, whether by the plain Chart, or 
that called Adercator's, wehave uſed Mcridiaus, Parallels, and Rumbs, 
asthe ſides of every Triangle. Bur here we uſe not the Rumbs & be- 
cauſe they are not Circles, but heliſphertcal lines ; nor the Parallels, 
becauſe they are not great Circles : whereas the ſides of every ſphe- 
rical Triangle, muſt be archesot great Circles : But here we viz arches 
of the Meridians, and of the XquinodCtial, and of other great Circles 
drawn, or imagined to be drawn from one place to another, upon the 
ſpherical ſuperficies of the Earth and Sea. Firlt, therefore, 

If two places lie under the «Aquinothial,their polition is Eaft and Weſt, 
and the degrees of their diiference. of Longitudes converted into 
Leagues or Miles, is their diſtance in Leagues or Miles. 

If two places be in th: ſ.:me Afcridian, their poſition is North and 
South, and the degrees of their difference of Latitude, converted into 
Leagues or Miles, is their diſfance, X / 

And thus far doth this kind of Sailing agree with the two former ; 
the differencebetween this and them, may appear ' in the Problems 


following. 


Prob. 1. Twoplaces being propoſed, the one under the eEquinottial , the 
other i any L.uutude giuen : and the difference of the Long i- 
tude of the ſame places being alſo known : to find, 


1. The neareſt diſtance ina great Circle : 
2. The dirett poſition of the firſt place from the ſecond : 
3. And of the ſecond place from the firſt, 


 Theangle that the Rumbleading from ong place to another, makes 
with the Meridians, is ſometimes called the poſition of thoſe places : 
But becauſe the arch of a great Circle, drawn between-two places, is 
the moſt direft way, and neareſt diſtance from one place to the other: 
therefore the angles which that arch makes with the Meridians of. 
thoſe places we here call the angles of the djred? poſition of thoſe. places 
one fromanother.. | 


" Now, 
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Now in this Diafram, let D- repreſent 

that part- of the entrance of the River of 

F Amatones, which lieth under the Equino- 

® CQialline ;- D*B an arch of the Equinottial ; 

and let e repreſent the Lizard, lying 1n the 

latitude of 50 4. co m. northerly ,' and: AB 

« the meridian thereof; and admit their diffe- 
rence of-longitude.D B to be 5 1 deg. oo m. 


Then in this triangle A Þ B,” right angled at B, there is require 
AD, theneareſt diſtance of theſe places in the arch of a great Circle, 
the angle B A D,” which is the angle of the direCt poſition of the A- 
mazones from the Lizard, and the angle B-D A, being the compl.'of 
the angle of ghedireCt poſition of the Lizard from the Amazones. 

1. For the neareſt tifhonce 'A D. Seeing there are given the ſides 
AB and DB: therefore by the firſt fundamental Axiom of ſpherical 
triangles, | 

5c AD-+Rad.'=sc fB-|- 5c D'B, therefore 5« A'B+ 5c DB 
—Rad.=sc AD, and ſo it falls into the 10 Caſe, thus. 

The difference of longirule is DB 51d. co « DB g.y988) 

' The difference of latuude ts AB 50 co 5s AB g.8080) 


The diſtance is AD 66 co8:56 AD 9g.60694 
Which 66 d. o8'converted into leagues, is 1 322 3 leagues, which 
15 the neareſt diſtance between theſe two places. 
2. For the dire? poſition from the Lizard to the Amazones , namely, 
theznzle B A D by the ſame things given. * 
s AB+Rad. =r DB-|-tc B AD; therefore 5 AB + Rad.— } 
: DB= tc BAD, that iss A B-|-tcD B=2teB AD, abating Radius, 
and thus it falls into the 1 1 Caſe, and is wrought thus. 
- T he difference of latitude 15 AB 50d. of 5s AB 9g.88425 
The difference of longitude 1s DB 5x oo tcDB g.g0837 


The angle of poſition is. B AD 58 11: t«e A 9g.79262 

3. For the dirett poſition from the Amazones towards the Lizard, 
namely, the complement of the angle B D A. 

5D B -j-Rad.=t AB-+tc D, therefore 5 D B- Rad. —tr AB 
=tc D, therefore -DB--rcAB= rc D, ſtill abating Radius,and 
ſo it falls into the 11 Caſe, andis thus wrought. 


Tht 
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The difference of longitude is DB 51d. of 5s DB g.89050 
The difference of latitude us AB 50 oo rec AB 9g.g2381 


— 


The angle of poſition is compl. BDA23 <7 tr A 981431 

If you would have the letters in all Examples to agtee withtheex- 
emplary Tables, you muſt mark your righr angled triangle two ways, 
and the oblique ſix wayes, as we have before ſhewed ; 2nd it will nor 
be amiſs todo ſo, eſpecially if you uſe thoſe Tables. But as I have 
before ſaid, I would rather wiſhevery man to dequce his operations 
from the two fundamental Axioms, and their ConſeQtaries,in ſuch ſort 
as I have here ſhewed in theſe three Examples, for the like 1s to be con- 
ceived in all others, though it be not expreſled.. Yer I have ſet down 
thoſe Exemplary Tables for all the Caſes in all kinds of triangles, as 
well becauſe ſome others have in part done the like before (thcugh jn 


a different manner) as becauſe a man may by them readily examine... 


the form of his work: 


The three parts of this Problem, and fo the reſt that follow , mz-ht 
havetbeen as well reſolved in the quadrantal triangle A D Ge. whicre 
G repreſents the North-Pole; the angle at G, the differerce of lon- 
gitude, AG, the complement of the latitnde- of the Lizard; A DG 
the angle of direCt poſition from the Amazones to the Lizard, &c, 
As admit this laſt angle AD G& were required * Then foraſmuach as 
there is given the angle G, being the difference. of longitude, and AG, 
the complement of-the latitude :- therefore by the firſt fundamental 
Axiom.- 

s G--+Rad..'=tc AG+-;t ADG, therefore 5G -t AG = 
t ADG, and thus it falls into the - Caſe of quadrantal triangles, 
and is wrought,- as in this Example. | 


The difference of longitude is G 51d. oc! » 5G + 9.89050 
The latitude is compl. AG .50 - co t AG: -9-92381 
The angle of poſition is ADG. 33 - 07 -t ADG 9.81431 - 


The fame might have been found in the quadrantal triangle, ADF, 


all which to haudle particularly would be too-tedious; therefore -it *.. 
ſhall ſuffice hereafter to ſhew this application only. in right angled tri- -. 
angles;- forby this one example of Quadrantals,- you may conceive -- 


the relt. 


- 


And thus it appears, that he which would ſail the neareſt way from + 


» 3% 
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the Amazones tothe Lizard, ſhould at firſt ſhape his courſe 33 degr.q7 
m. from the Meridian to the Eaſtward, that 1s-almoſt z points of the 
Compaſs, namely, »e by ».Now.admit the wind ſhould ſo ſerve, that 
he might come away ne by »,yet it is to be underſtood, that inthis kind 
of Sailing, he is not to continue this conrſe long, but to ſhift it as often 
as occaſion requires , {till inclining more and more to the Eaſtwards; 
which how it may be done, we ſhall mor@exprelly ſhew hereafter. 
Probl. 2. Two places being propoſed, the one under the Equinottial, the other 

in any Latitude given ;, andthe neareft diſtance in a great Circle of the 

ſame places being alſo knows : to find, 

1 Their difference of Longitude, 

2 The dirett poſition from the firſt place to the ſecond, 

3 And from the fecond place to the firſt. 

Let the places bethe ſame as before, and let there be given the dit- 
ference of Latitude AB god. com. and their neareſt diſtance «A D 
1322 , Leagues, that is 66d. o$ m. inthe arch of a great Circle. 


Firſt, then for the difference of Longitude D B, by the 12 Caſe of right 
angled Triangles. 


The latitude 1s AB god. co' c©@.ar.s AB 0.19193 
T he neareſt diſkaxcets AD 66 038 «« AD 9.60704 
The diff. of longitudets D B 5x ©0. i DB 9.79397 
Secondly, for the diret poſition from A to ID, by the 13 Caſe. 

The latitude 1s ABgod.co' t AB 10.076 1g 
T he neareſt diſtance is AD66 c8 tc AD 9.64586 
The poſition 1s BADgs8 ir: «x A: 9.72205 
Thirdly, for the diref poſition from D to A, by the 14 Caſe. 

The neareſt diſtance is AD 664d.09' co.ar. 5s AD 0.03882 
The latunde « AB 50 +<09 s: AB 9.83425 
The poſition is compl, BDA 33 ©7 s BDA 9.92307 


In like ſort, if there were given the Latitude A B, and the angle of 
direct poſition B A D : we might find the difference of longitude BD, 
by the firſt Caſe of ſpherical triangles; the direCt,poſition BDA, by 
theſecond Caſe, and the neareſt diſtance A D by the third Caſe. And 
thus we might proceed to frame in all 309 Queſtions touching theſe 2 
places, as we have before ſhewed in bandling right angled ſpherical 
triangles ; which things 1 leave to your own practice, deliring to uſe 
as much brevity as I may. | Probl. 
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robl. -3, f wo places propoſed both in ue! aud the ſapre Jatztnde grueny, god 
F | hair ds ert 7 itude bring < kyown): ro find & 
I Th neareſt ihe ance oFthoſer two, plac 
2 The dire(& poſition of the one place / the other, 

'Admit there be two places, both-in the latitude of 0 degrees 00', 

Northerly, and differing in longitude: 79 bs; 96 | demand their 
neareſt diſtance jn the archof a great Cirele, and #< Fire? polition 

| of the one from the other ? OUT 

| In the 7 problem of failing by Aferca- E, \ 

tors Chart, there was required the diſtance 

of theſe two places meaſured in their 

aralſel : but here is required their neareſt 
diſtance in the arch of a great Circle, 

Asinthis example E AD, let the, two. , A 
places be E and A, and let D be the North 
Pale, then AD and E D are either of them 40 deg. oc': namely, 
the complement of the latitude, and the angle E D A-15 the difference 
of longirt. 70 deg. oc'; there is required the neareſt diftzuce E B A : 
and the direct poſition from the one to the other, D E 4 or D AE, 
for inthis Caſe thoſe two angles are equal. 

And ſeeing E D is equalto A D, thereforeſctting fall the perpen- 
dicular D B,the Triangle E D Ais divided i into two right angled.tri- 
angles E D B and AD B, which are every wayes equal. Wherefore, 

Firſt, For the neareſt diſtance E A; there is given.in the right he ey 
Triangle ADB,:the complement of the latitude A D'4p deg, o 
and half tlie difference of longitude AD B 35 deg. 00's heres, ] 
| hind 4B agreeableto the 5 Caſe thus: 

The compl. of the latitude is AD 4od..,co!.. « A.D [ig.:8c807 
Half the diff er.of longitude s ADB 35 oo #£ ADB. g.75859 


Half the diftance js AB 21 -',33-, + AB... g,46666 
Which doubled, is AE 4 16 Aud thisconverted 
1nto miles, is 2596 miles, the nearelt diſtance of theſe rwo places in 
thearchofa great Circle, being leſs than their diſtance meaſured in 
| their parallel Dy 1 © 4 Miles. 
| Secqnal wel, For thegiret poſition, DAB bythe g Caſe... 
T he compl. of th e latitude 25 AD. 40 d. . oo... ic. AB 9.85425 
Half the differ. of longit. s. ,, ADB 35-1. 00 8 ADB 9.84523 
The angle of poſiiion is DAB 61 45 tc DAB” 9.72945 


X Which 
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Which ſheweth, that he Which would 'go the- neareſt way from A 
to E, muſt 'nor go Welt, thoygh both be under one parallel.; but he is 
at firſt to ſhape his courſe ftom 4 w + whalfa point northerly ; after. 
wards wx, andſoby little and lictle w by » 3 then Weſt, thenwhby ;, 
afterwards ws w, andat laftw s w+ a point Sontherly. 
Prob. 4. Two Jr propoſed, both 1n one and rhe ſame latitude given, 
and their neareſt diſtznce being alſo known: to find, 

1 Their diffgrence of Longitude. 

2 The dirttt poſition of rhe one place from rhe other. 

Admit there betwo places, as Aand E, both in the latitude of 50 
degrees Northerly:; and ler their neareft diſtance be ABE 2596 
miles, that _is 43 deg. 16' : I demand their difference of longitude, 

which is the angle ADE,and the direCt poſiti- 
/> on' of the one fromthe other , namely, the 

angle DAE, or DE A? 

Firſt, For the difference of Longitude, ADE, 
D Seeing that ABE is 43 deg. 16'. therefore 

ABis 21deg. 38' : wherefore by the 14 Caſe 

of right angled ſpherical triangles, 1 find 
_- _ AD Ethus: 

The compl. of the latit.s AD 4odeg. oo' co. ar.. 5 AD. 0.19193 
Half the diſtance #® AB 21 38 s AB 9.56663 


Half the differ. of long. ADB 35 co s ADB 9.75856 
Whichtbubled is '- ADE 70 co, the difference of longi- 
tude required. ** 
Secondly, for the dirett poſition DAE or DAB by the 13 Caſe. 
The latitude s the compl. of AD 50 deg. oo', tc AD- 10,09619 


Half the diſtance #s AB 21 38 F, AB 9.59835 | 
The angle of Poſition is DAB 61 48 . x DAB 9.67454 


Probl. 5. T ”/ rg propoſed, both in one and the ſame latitude given ; 
and the diſtance of thoſe places in their parallel being alſo. 
" known: tofind , 
1. Their difference of longitude. 
2 Their neareſt diſt ance'mm the arch | &e great Circle. 
3 The dirett poſition of the one from the other. 
Admit there be two places, 'both in the latitude of $0 degrees, 
oo minutes northerly ; and let the diſtance of theſe places in on 
« para ' 
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a gy 2700 miles ; there is required their difference of Longi- 
tude, &c. 

We have noted before, that as the ſemidiameter of a parallel is in 
proportion to the ſemidiamerer of the equinoCtial : ſo is any number 
of miles in that parallel, to the minutes of longitude, anſwering to 
thoſe miles: and if we ſuppoſe the ſemidiameter of the equinoCtial 
to be Radius, then the ſemidiameter of any parallel is the ſine of that 
parallels diſtance from the Pole, that is the fine of the' complement of 
the latitude of that parallel. Therefore, 


As ſme complement the latitude, 5e 5 5 deg. o*, ©. ay. 0.19193 
to Radine : 
' Sothe diſtance in that parallel, 27500 miles, 3.43136 


ro the difference of longitude, 4 » 00 miles, 2.62329 

Which converted into degrees, is 70deg. 02' the difference of 

longitude required. | 

And'thus having found the difference of longitude, the neareſt gQi- 
ſtance, and the direft poſition may be found as in the third Problem 
before going, which with ſuch other queſtions as might be. movediin 
this Triangle A E D, I leave to your own practice. 


Probl. 6. The latitudes of two places being given , together with their 
—_— longitude : to find, 
1 Their neareſt diſtance in the arch of a great Circle. 
2 The direbt pafoep from the firſt place to the ſecond, 
3 And from theſecond place tothe firſt, . 


Asinthe Triangle AD E. Let A repreſent 
the -North pole, D-the Lizard lying in the 
latitude of 5o deg. oo min. the comple- 
ment whereof is AD 40 deg. oo min. and 
let E repreſent the Summers Iſlands, lying 
in the latitude of 32 degrees, 25 min. the 
complement "whereof 'is A E 57- degrees, 35 
minutes ; and let their difference of longt- 
tude be 70 deg. 'co min. .namely , the con- 
tained angle D AE : there is required the 
neareſt diſtance of theſe two places ED, 
and the ſeveral poſitions of the one fromthe other 3 namely , the an- 


gles ADE, and AED. Soxhat here are giveatwo lides AD and Lt 
RX 2 wit 


A. 


"» 
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with their contained angle D AE : and firſt there is required the 
third fide E D. 

,Wheretore according to theddireftions, Chap. 5. of Spherical Tri- 
angles, 1let fall a perpendicular from E or D, for ſo it will fall from 
the.end-of a fide given, andoppoſite to an angle given, &c. As firſt, 
let it fall from the point of the Lizard repreſented here by D, upon 
the meridian of Summers Iſlands AE: and becauſe the angles at Aand 
E are both of one kind, namely, both acute ; thereforethe perpendi- 
cular falls within the Triangle. 


Then for the neareſt«diſtance required E D ,. the way hath been 


formerly to find it at three operations, thus: 


1. For the perpend, DB, by the 8 Caſe of right angled triangles, 
The compl. of latirnde AD# 4cd. com. 5 AD 9.80869 
The differ. of longitude DAB#z# 79 oo 3 A 997293 


The perpendicular DB «379 10 DB 9.78105 
2. For the diſt. of the perpend. from the pole AB bythe 7- Caſe. 
The differ. of longitude DAB #« 70d. oom. 55 DAB g.53405. 


; Thecompl. of latitude AD « 40 oO1 t AD 9.92381 


The firſt arch AB 16 or t AB 9.45786, 


Wikknifebſtrated'from AE 57- 385, there remains 


the ſecond arch EB: '4r 34 

3. Having found D B, and EB, we may find ED by the 10 Caſe, thus, 
T he perpendicular DB #« 37 d. 10 m. 5c DB 9.90139 
The ſecond arch EB& 41 34 cEB 9.37401 


ka 


The negrgſt diſtance ED is! $5 24 ic-ED 9.77540 
Which 53 d. 24 m: converted into miles, is 3204 miles, or 1068: 
leagues ; and this is the neareſt diſtance. required in the arch of a 
great Circle, 

Note. And thus in any oblique. ſpherical triangle, when the ques; 


ſtion is ſuch, that it requires the perpendicular to be let-fall, you may” 
reſolve it at three operations, by. the Caſes of a right angled triangle 
only ; the manner how, is of it ſelf ſo manifeſt, that it ſeemed ſuper- 
* fluous to handle it particularly. Wherefore, as.before in the Caſes 
and Problems of this nature , ſoin thoſe which follow, it ſhall ſuffice 
to ſhew their reſolution at two operations ; which, as it is much rea- 
dier beinz well underſtood, ſoit is ſomething .harder to be underſtood 
than the former. Firſt, 
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Firſt, Therefore the complement of the one latitude being AD 40 
d. and of the other AE 57d. 35 m. and the difference of longitud®© 
DAE 70d. we may find the neareſt diſtance E D at two operations 


agrecable to the 3 Caſe of oblique ſpherical triangles ; thus , 


Lhe dif} erence of longitude DAB # 90d. oo 5« DAB 9g.534c5 
The complems. of latuude AD ww 40 oot AD g.oz;51 
T he firſt arch AB «: ate AB 9.43 d6 
which ſubſtracted from AE Y 35 there remains 
the ſecond arch y BY 34 

As ſine compl.the firſt arch,sc ABs« 16d, ol m. 0.01719 
to ſine compl. the ſecond « 5c EB 5c 41 34 - 9.85401 
So the ſine of the latitude, 5© ADs 50 009 9.33425 


to ſine compl. the diſtance, os E Ds 36 36 | 


—_— -]' 


| 9.77545 
Therefore thearch ED is 53 deg. 24 m. whiekis the diſtance of 
theſe two places in the arch of a great Circle; and this converted in- 


to leagues, is 1063 leagues, as before. 


Secondly, By the ſame things given: to find the direft poſition of the 


one place from the other. 


As firſt, to find the poſition from Summers Iſlands, which ſuppoſe ro 


beat E, tothe Lizard at D. 


Here according to the ſecond condition of 
letting fall a perpendicular, Chap. 5. Iletit 
fall from the Lizard at D, that ſoit may be 
oppoſite, not only tothe angle given at 4, 
but alſo-to the angle required at E. And 
then agreeable to the fourth Caſe of oblique 
ſpherical triangles, I firſt find as before AB 
to bealmoſt 16d. 1m.and EB 41 d. 34m. 
then | fay, Ass ABtosE B, ſorc A to rc E. 
Or if you would not work by their comple- 
ment: Say 


eAs ſine the ſecond arch, s EB 41d. 34' co. ar. 
20 ſine the firſt arch, s AB 16 ol 


So the tang. of the longit. t DAE 750 oo 


tothe tang.of dirett poſs. + AED 48 47 


E 


0.1781 
9.14044 
10.4 3893 


10.05753 


Whereby it appears, that theangle of poſition from E towards D, 


IS 


\ 
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is 48 deg. 47, that is, from the North part of the Meridian E A 
4 Points 3 deg. .47', namely, me 3 deg. 47 eaſterly. 

Thirdly, By the ſame things given, to find the dirett poſetion from 
the [letnd place to the firſt. As from the Lizard to Summers 
Iſlands, | 

4 Here «ue work differs not from the former, 
provided, bot22t you let fall the perpendicular 
ſo, as It .$;; be oppolite to the angles given 
and requireu. As in this Triangle, let Abe 
the Pole, E the Lizard, D Summers Iſlands, 
the perpendicular 1 let fall from DtoB, that 
ſo it may be oppoſite to the angle givenat A, 
and tothe angle required at E. Thenis AD 
57 degrees 35'y, AE 40 deg. Co', DAE 70 


D 


B A. dep. oo', therefore I ſay, 
The differ. of longitude DAB #« 70 d. o0', 5« DAB 9.53405 
The compl. of latutude AD u 57 35 ,* AD 10.19721 
T he firſt arch AB « 28 18 te AB 9.73126 


Which taken from AE 40 


oo there remains 


42 , whereby the angle at 
: ſo rcA, torcE, or toſhun the 


* The ſecond arch EB 11 
E is thus found. As 5 AB, to 5EB 


complements, 

As fone the ſecond arch , s EB: 11 d. 42'. c0. ar, 0.69296 
to fine the firſt arch : s5AB 28 <12 9.67445 
So the tangent of the longit. tA 70 Oo 10.43395 
ro the tang, of dirett poſition + WH 10.80634 


Which 1s the angle of the direct poſition from the Lizard toward 
Summers Iſlands, being from 'the North part of the Meridian to the 
Weſtwards 7 points of the Compaſs, and almoſt a quarter, that 1s, 
wby » 2 deg. 23' welterly. 

And thus it appears, that he which would fail the neareſt way from 
Summers Iſlands to the Lizard , muſt at firlt ſhape his courſe »e 
Eaſterly, afterwards by degrees ne by e, thenene, thene by », then 
Eaft, then Eaſt Soutkerly, &c- as we ſhall more particularly ſhew 
hereafter, and the like is to beunderſtoad of other places. But 
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But here,after the firſt part of this Problem was wrought, namely» 
aſter the diſtance of the two places E and D was found, the angles of 
tion from the one to the orher , might have been more readily 
nd,cither-of them ar a ſingle operation,as in this following problem. 


Prob. 7. The neareſt diſtance of two places, with their difference of lon- 
itude, and one of their latitudes gruen : tofind the dirett poſition 
thereof from the other. 


As admit the diſtarce in a-great Circle from the Lizard to Summers 
Iſlands, namely, from Eto D, to be as it was before found 1068 
leagues, or 53 deg. 24'; andlet their difference of longitude E A D 
be 70 deg. 0o'; and let the latitude of the Lizard be 50 deg. oo', 
whoſe complement E Ais godeg. co' ; there is required the direct 
poſition from Summers Iſlands tothe Lizard, namely theangle ADE. 
Thendoth this Problem come wander the ſecond Caſe of oblique ſpheri- 
cal Triangles, and is thus reſolved. ; 


eA«s the ſine of the diſtance} | E D 53d. 24', c0, ar. 0.09538 


of the places. 
To ſine their differ. of lonugit, 5s D AE 750 oo, 9.97298 
So ſine compl. the latutude of 

to one place given , # AR 40 Oo, 9.380807 


To the ſine of the diretF poſi- 
tion ek other, oy : : HY B 48/4% 9.37643 
Whereas-there is a minute difference between the arch before 

found, and this ; itmay ariſe by neglefting ſome ſeconds or-parts of 

a minute in the work, which here we regard not. 

Inlike manner , by the complement of the other latitude gipen, 
AD, we might: find thedireCt poſition- from the Lizard to Summers 
Iflands , namely, the angle AED, | 

And thus we might proceed to frame many other queſtions in this 
Triangle, tothe number of 60, touching the diſtance, difference: of 
longitude, latitudes and angles of poſition of theſe two places which 
will not be hard to him that underſtandeth what we have before deli- 
vered touching oblique ſpherical Triangles. 

And what hath been ſaid toliching theſe two places, the: ſame” 


is to be conceived of any other two places differing in their longi- 
tudes 
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tudes and latitudes. ' And though the one place ſhould have latitude 
Northerly, and theother Southerly, yet is the operation little diffe- 
rent, for ſtill the arches of their Meridians intercepted between them 
and the neareſt Pole, are two ſides of the triangle, the arch of a great 
Circle intercepted between the two places is the third ſide 3 the an- 
gles contained between that arch and the Meridian of either place,are 
the angles of poſition ; and the angle comprehended between their 
two Meridians, is their difference of longitude. Therefore paſſing 
over theſe, we haſte to ſuch things as more recellarily concern the 
pratice of ſailing by a great Circle. 


Probl. 8. To find by what longitudes and latitudes the arch of a preat 
Circle doth paſs. 


We have ſhewed before how to find the diſtance of two places in 
the arch of a great Circle,as alſo the angles of direct polition from the 
one to the other; here is required the longitudes and latitudes , by 
which that archof a great Circle doth pals. 

As inthis Triangle, Let A be Sum- 
mers Iſlands, E the Lizard, A E an 
arch of the great Circle paſling by 
theſe places; it 1s required to ſhew the 
longitudes and latitudes by which 

thisarch A E doth paſs. 

Here it is requitite to let fall a per- 
pendicular from the pole D, tothe 
arch A E(extended if need ſo require) 
whichletbeDB ; then firſt to find 
thelength of that perpendicular ; Se- 
*-.:>.| condly, the parts of the vertical an- 

ID gle ADBand EDB, for tbeſe be- 
: ing had, - every other queſtion w ill fall 
1n right angled Triangles, and ſobe reſolved by the addition of two 
numbers only. 

Firft then for the perpendicular DB, there are given the hypothenu- 
fl 4D 57d. 35 and the angle of poſition at A was before found 
483 d. 48': therefore by the 8 Caſe, 

| The 


: 


—  — 
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The complement of latitude AD * 57 d. 35\ 4 AD 9.92643 


The axgle of poſition & © -438- 48;% A 9-37645 
The perpendicular DB i.39 26: DB _. 9.80283 


And tkis 2g d. 26 min. is the complement of the greateſt latitude, 
by which the great Circle 4 BE doth paſs, therefore the greateſt 
obliquity or latitude from the EquinoCtial of that.Circle 1s 50 d. 34'. 

Secondly, for the angles AD B and EDB, by the Ninth Cuſe. 


The latitude 1s the compl. of AD 42 d. 25* © AD 0.72029 
The angle of azrett poſition is A 48 bY 23 10.05778 
The angle at the perpend. s ADB 58 31 tc ADB 9.78700 


And ſeeing the whole 'AD E is 50 d. co, therefore the angle 
EDB is 11 d. 29%. Sothat for the greateſt latitude of this Tircle, 
which is'B, we have found the difference of longitude from E't& EDB 
11d. 29m. andfrom. A theangle ADB 58d. 31 m. | 

- Now the difference of longitude from A to E, namely, theangle 
ADE being 70d. oom. letit be required to find by what latitudes 
the arch AE doth paſs for every tenth degree of longitude from A. 
As ſuppoſing the point 7, to differ in longitude from A 10d. 1 would 
know the latitude of the ſame point 7. | 

Here ſeeing we have before found the angle 4D B to be 53d. 
31m. and theangle ADJ, being by ſuppoſition 10'deg. therefore:the 
angle 1 D B is48 deg. 31m. and the perpendicular D B we found 
before to be 39 deg. 26 m. by which we may find the complement 
of the latitude D 7 according to the third Caſe, thus. 

T he angle F IDB 48 d. 31' « IDB 9.82112 

The perpendicular DB 39 26 tc DB 1008492 


The latitude is the compl. of DI 38 51 tc DI 9.90604 
[In like manner ſuppoſing the point O,, to differ in longitude from 4 
20 deg:-oom. / 3odeg, AM 46 deg. N 50deg. we ſhall find the 1a- 
titude of the point'O to be 43 deg., 34 m. the latitude of / 46 deg, 
54 m. the latitnde of A7 45 deg. 04 m. and the latitude of NV 50 
eg. 15M. 

Lore. Forevery of theſe differences of longitude propoſed, we 
might alfo find the diſtances and angles bf poſition; cantrariwiſe, for 
any difference of latitude given, we Pught find the difference; of lon- 
gitude, the diſtance and angfe of p6lition : and for ity thtnte given, 

M Y ve 
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we mightfind the-difference of longitude and latitude, and the angle- 
of poſition. Allwhich will be eaſily perf6rmed by him that is a little 
execrciſed-in ſpherical triangles. 
Probl:.g.. To find how far a man ſails by the arch of agreat Circle, and 
bow much he ſhall alter his longitude and latitnde, before he alter 
his cour ſe any unmber-of degrees propoſed. 


We found. before that the angle of poſition .at A was 43 d. 48-m 
ſhewing, that. he which would fail from Summers Iſlands, here repre- 
ſented by A, to the Lizard at.E, thedirecteſt and nearelt way, mult 
a firſt ſhape his courſe from A North-Ealt 3d. 48 m. Eaſterly. Yer 
he is nat to continue this coprſe,. but to incline by degrees more and 
more.to the Faſtwards, &c.. Now then 1 demand, how far a mean 
fails from A inthe. arch of a great. Circle, before healters his courſe.7 
d, 27m... that is,, before he may ſteer away » e by e, and how much 
ſhall he-firſt alter his longitude and latitude ? 

Suppoſe. he.muſt firſt come to /,beforc he alter his courſe 75d. 27 m. 
then 1s there required the diſtance A 7, and the longitude and Iatituds 
of the point 7. | 

Here it is requiſite, that the perpendicular D B be known, which 
we before found to be 39d. 26 m. alſothe parts of the baſe 4B and 
Ek;. which we may find by the ſeventh Cale, thus, 

The angle of poſition grven A «438d. 4% cc A 9.81868 
The complement of latitude. AD « $7 ds, £ AD 10.19720 


Thebaſe AB i .46 oz. t AB. 1001588 
Which taken from : AE +3 , 24 
there remains ES. - 07 . 32 


Theſe things premiſed, we come to reſolve the queſtion. And con- 
iidering that the courſe given at J, is  e by e, which Rumb makes with 
the meridian an angle.of 56d. 15 m.. thereforein the triangle D 1B, 
theangleat is 56 & 15 m. and the perpendicular D Bis 39 d. 26m: 
nchowey we may find 7 B by. the ſixth Caſe, thus, 


The angle Fl poſition given I 56 d. 15' rc DIB. 9.824%g 
The perpenaicular ts DB 39 26: DB 9.91507 
The baſe, IR:33- 20s IB 9.73996 


Which taken from AB 46 03 
there. 1emains Al iz 43 


Which. 
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Which converted into leagues, is 254 + leagues , and fo far youar®© 
to ſail from A in thearch of a great Circle, before you alter your 
courſe 7 deg. 27 min. And in like ſort you may find it for every ſingle 
degree tobe ſuch, as by this Table appeareth. 


Angleof| Dit. in 
roſuron.|d. & mw, 
deg .minJdeg.min 7 
48—48 c—00 
46—g3 2—02/ 
Fo—4P3—56; 
51i—48Þ>5—43] 
$2—4107—2F 
$3—4* [29—03 
$4—4:]'<—35 
55—4*[12—04 
5g6—1 5 2—42] 


Where you may perceive, that having run from 
Atowards E by the archof a great Circle 2 deg. 
2 min. that is 2o + leagues, you alter your courſe 
one degree more Eaſterly than you began. When 
you h:ve run 3 deg.56 min. you alter your courſe 
2 deg. oo min. &c. as inthe Table. 

Now for finding the longitude and Iatitude of 
any of theſe points, it” may be done by help of 
the perpendicular , and angle of poſition given. 
As it there were required the longitude and lati- 
tude of the point 7, there is given in the triangle 
ID B, the angle of poſition at 7, and the perpen- 
dicular DB, wherefore by the 5 Cale 1 find the 
complement of the latitude DJ, and by the 4 


Caſe the ditterence of longitude B D 1, theangle B D A being be- 
fore known. 


But notwithſtanding all that hath 
hitherto been ſaid, it may ſeem hard 
todireCt a ſhip, and to keep ſuch a 
reckoning as may be agreeable to this 
method of failing by a great Circle. 
Andindeed,as it is in a manner impoſ- 
ſible, ſo neither is it neceſſary, that a 
ſhip ſhould alwayes perſevere exaCtly 
in the arch ofa great Circle. It ma 
ſuffice, and Is almoſt the ſame in ef- 
felt, if a ſhip be ſo directed that ſhe 
-Zo near this arch. W hich, how it may 
be done, and that with facility, we 


come now to ſhew 1n this next Pro- 


blem, 
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Probl. 10. How'a man may dirett his cour ſes, and keep his reckoning, that 
would Sail near the arth of a great Cirele. 


That this may be the more plain,we will briefly repeat ſome things 
before handled, ſerving for this purpoſe ; and hrſt, ſuppoſe the lati- 
rudes, and the difference of longitude of the two places to be given; 
thenmay you fird their neareſt diſtance in the arch of a great Circle, 
andthe angles of poſition of the one from the other, as we have ſhew- 
ed in the ſixth and ſeventh Problems before going. And thus all the 
partsof the Triangle propoſed are known, namely, the three angles 
and the three ſides. 

Secondly; you may find ( as we have before ſhewed in theeighth 
Problem ) by what longitudes ard Ktitudes this arch of a great 
Circledoth paſs, namely, the arch that goes by the two places pro- 
poſed x and this you may defor every fifth degree of longitude , or for 
every ſingle degree, if you will take that pains : or if your difference 
of latitude be more than your difference of longitade, you may do 
it for every fifth degree of difference of latitude, or for eyery ſingle 
degree. 

Thirdly, upon a Chart or Blank lined with Meridians, Parallels, 
and Rumbs, accortding to Mercator's Projection ; you may prick down 
all the longitudes and latitudes found as aforeſaid , by which pricks 
you may draw atches, which ſhall repreſent the arch or the great 
Circle paſſing by the two places propoſed : or if youonly draw right 
lines from one prick; toanother, it'may ſuffice. Which arch being thus 
deſcribed on that Chart or Blank, you ſhall eaſily ſee thereby what 
courſes toThape, and how to keep your reckoning, ſailing ſo near that 
arch of a great Circle as you ſhall think convenient. . | 

It may ſeemimpoſlible, that this arch of a great Circle, being upon' 
the Chart or Blank a curve ine, ſhould be a ſhorter paſſage between 
to places,than the Beds drawn on the Chart from the one ro the 
other :- But he that well ugderſtands the gronnd and projection of this 
Chart, will be able of himſelf toreſolve this Paradox ; foraſmuch 4s 
the degrees of latitude by which the arch doth paſs, are greaterthan 
the degrees of latitude by which the right line doth paſs : whence it 
is, that the degrees contained in the arch, are fewer than thoſe con- 
tained inthe right line ; therefore to proceed. 

| Let 
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Let us take for Example the two places before mentioned, namely, 


Summers Iſlands, lying in the latitude of 32 d. 25 m.*and the Lizard in 
the latitude of 50 d. 00 m. and let their difference of longitude be 70 


| deg. 
| As in this Diagram, let E repreſent 
| Summers Ijlands, D the Lizard, A the 
North-pole : Then is AE the comple- 
| ment of the latitude of Summers Iſlands 
| 57 d. 35m. AD the complement of the 
latitude of the Lizard 4 d. D AE their 
difference of longitude 70 d. co m. By 
| which things given, we may find their near- 
eſt diſtance E D, as in the ſixth Problem 


thus, 


Which ſubſtrafted from AE that ts, from 


There remains B, 


Then I fay, 


. t0 ſine complement, ED that s, the ſine of 
Therefore the arch ED %s 


To fine complement DAB that #5, to ſine compl. 
Add the tangent of AD that i, the tangent of 40 
T he ſum 1s j __ of AB that 5, the tangent of 16 


As fine complement AB that is, ſine complement 
to fine complement E B that 15, ſine complement 
| So fine complements AD that, ſine complement 


01' 
34 
fo) 
36 
24 


» Which is the diſtance of the Lizard from Summers Iſlands, in the 
| arch of a great Circle, namely, 10658 leagues. 

This done, we may find their poſitions one from another, namely, 
the angles at E and D, by the ſeventh Problem, ſaying, 

As fine E D 53 d. 24m. to ſine DAE 70 d. com. 

So fine AE 57 d. 35 m. to ſine ADE 81 d. o8 m. the di- 
rect poſition from the Lizard to Summers Iſlands, 


As 
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Probl. 10. How'a man may dirett his cour ſes, and keep his reckoning, that 
would Sail near the arth of a great Cirele. 


That this may be the more plain,we will briefly repeat ſome things 
before handled, ſerving for this purpoſe ; ard firſt, ſuppoſe the lati- 
tudes, and the difference of longitude of the two places to be given 
thenmay you fird their neareſt diſtance inthe arch of a great Circle, 
andthe angles of poſition of the one from the other, as we have ſhew- 
ed in the ſixth and ſeventh Problems before going. And thus all the 
partsof the Triangle propoſed are known, namely, the three angles 
and the three ſides. 

Secondly; you may find ( as we have before ſhewed in theeighth 
Problem ) by what longitudes ard Ktitudes this arch of: a great 
Circledoth paſs, namely, the arch that goes by the two places pro- 
poſed x and this yon may defor every fifth degree of longitude , or for 
every lingle degree, if you will take that pains : or if your difference 
of latitude be more than your difference of longitade, you may do 
it for every fifth degree of difference of latitude, or for eyery ſingle 
degree. 

Thirdly, upon a Chart or Blank lined with Meridians, Parallels, 
and Rumbs, according to Mercator's Projection ; you may prick down 
all the longitudes and latitudes found as aforeſaid , by which pricks 
you may draw atches, which ſhal) repreſent the arch or the great 
Circle paſſing by the two places propoſed : or if you only draw right 
lines from one prick; toanother, it'may ſuffice. Which arch being thus 
deſcribed on that Chart or Blank, you ſhall eaſily ſee thereby what 
courſes toſhape, and how to keep your reckoning, ſailing ſo near that 
arch of a great Circle as you ſhall think convenient. 

It may ſeem impoſſible, that this arch of a great Circle, being upon' 
the Chart or Blank a curvghne, ſhould be a ſhorter paſſage between 
two places,than the ri e drawn on the Chart from the one to the 
other :- But he that well ugderſtands the ground and projection of this 
Chart, will be able of himſelf toreſolve this Paradox ; foraſmuch 4s 
the degrees of latitude by which the arch doth paſs, are greaterthan 
the degrees of latitude by which the right line doth paſs : whence It 
is, that the degrees contained in the arch, are fewer than thoſe con- 
tained inthe right line ; therefore to proceed, 

| Let 


by 4 great Circle, 
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Let us take for Example the two places before mentioned, namely, 
Summers Iſlands, lying in the latitude of 32 d. 25 m.*and the Lizard in 
the latitude of 50 d. oo m. and lettheir difference of longitude be 70 


deg. 
As in this Diagram, let E repreſent 
Summers Iflands, D the Lizard, A the 
North-pole : Then is AE the comple- E 
ment of the- latitude of Summers Iſlands 
57 d. 35m. AD the complement of the 
latitude of the Lizard 4 d.D AE their 
difference of longitude 70 d. co m. By 
which things given, we may find their near- 
eſt diſtance E D, as in the fixth Problem 


thus. 
To ſine complement DAB that , to ſine compl, 0 d. 
Add the tangent of AD that i, the tangent of 40 
The ſum is + tangent of AB that us, the tangent of 16 
Which ſubſtrafted from AE that u«, from 57 
There remains EB, 41 
Then I fay, 


As fine complement AB that is, ſine complement 16 d, 


to fine complement E B that 1s, ſine complement - 41 
So fine complement AD thats, ſine complement'; ; 4q 
. z0 ſine complement, ED that s, the ſme of 36 
Therefore the arch ED 53 


O1" 
34 
oſs) 
36 
_ 


» Which is the diſtance of the Lizard from Summers Iſlands, in the ' 
arch of a great Circle, namely, 10658 leagues., ©, 

This done, we may find their poſitions one fram another, namely, 
the angles at E and D, by the ſeventh Problem, ſaying, 

As fine E D 53 d. 24m. to ſine DAE 70 d. com. 

So fine AE 57 d. 35 m. to ſine ADE 81 d. o8 m. the di- 
rect poſition from the Lizard to Summers Iſlands, Alſo, 


AS 
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As fine ED 53, deg. 24 min. to.fine D AE 70 deg. oomin. 

'So fme A D 40 deg. oo min. toſine A E D 48 deg. 48 ſeconds, the 
direCt poſition from Summers Iſlands to the (Lizard. And thus are all 
the ſides and angles of this triangle diſcovered. 

Secondly, By the 8 Problem, [ find by what longrudes and lati- 
tudes this axch © D muſt paſs; for which the former perpendicular 
D Bis not apt, therefore inthe foregoing triangle, page 155. Let 4 
repreſent Summers Ilands, E the Lizard, D the North-Pole., and 
let a perpendicular talf from thepole D, which let be-D.B: and draw 
certain other meridians, as DI, DO,-DY, &c. And fo pro- 
ceed inall points, as in the 8 Problem, to find the lengrh of this per- 
pendicular, and the angles at the perpendicular AD Band E DB: 
and -lattly, for every leveral longitude from A, fhnd the latitude 

Lonrity , . | anſ{werable. Thus ſuppoling the point /todiffer, 
from A Latit.| in longitude from the point A, 5 degrees, that is, 
ſuppoling the angle AD 7 to be 5 degrees,we ſhall 
»in.| find the latitude of that point / ro be 35 degrees, 
52 min. or ſuppoling thatangle AD to be 12 


32 24| degrees, we ſhall find the latizude of that point /to 
os 33 F2| be 33degr.51 min. and fo of the relt, as by this 
10 38 Fa Table appears. 


20 43 34] Thirdly, Idraw ablank according to Mercator's 


25 as 24 projection(which may be dane cither by Mr.Wright: 
3 46 54] wn Tales, as he hath ſhewed in his Book of the 
35 43 - 0-| Correttion of Errors in Navigation, Chap. 5. or by the 


2 *s 7 Os .abridgment thereof, which I have before placed, 
-| and calla Table of meridional parts)ſo as there may 

[as 49 47] a meridian be drawn by every fifth degree of lon- 
50 52 15| gitude. In which blank, I ſer down Summers Iſlands, 
55 452 31] and the Lizard, according to their latitudes, and 
60 [59 33] difference of longirude before given, and in the 
_ —| meridian , that 1s 5 degrees to the Eaſtwards of 
5 $0 23] Swnmers Iſlands, I make a prick or mark at 35 deg. 
70 © ©9} 52 min. of latitude; likewiſe ia the meridian that 
15 10 deg. tothe Eaſtwards of Summers Iſlands, 1 make a mark at 
38 degrees, 51 minutes of latitude ; and ſol proceed with all the reſt, 
as 
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asby this Table I am direfted. Then by -rkeſe pricks or marks thus 
x on the Blank, 1draw the arches of C:rcles or right lines from 
one to another , and ſo ſhall I deicribe a curve lice on the Blank , re- 
preſenting ſorear as ſhall be neceſſary , an arch of the great Cicle 
paſſing from Summers Iſlands tothe Lizard. And if it were dore for 
every lingle degree (2s here it is for every fifthdegree) it wou!d come 
nearer the exact truth. Which curve line being thus deſcribed on 
your Blank , you ſhall thereby ſee what courſes to ſhape, to keepas 
near it as ycu think good; aud you may ſet down your reckoning 
on that Blank accordingly. 

As having drawn the aforeſaid curve line upon the Blank , zc- 
cording to the ſeveral longitudes and latitudes expreſled.in the 
foregoing Table; I fee by that Blank, that | may firit ſhape my 
courſe from Summers Ilands,  e halt a point Eaſterly abcut 200 
leagues; fo ſhall 1 have run my ſelf into the latitude of 38' de. 
grees,. 45 minutes; and have altered my longitude» g degrees, 30 
minutes : From thence again, I fee I may fail away ne bye; or 
if I would not come near the Bank of New-Forund-Land, 1 may 
ſhape a more Eaſterly courſe; but ſuppoſe I ſtill delire to keep 
near the arch of a great Circle, then | ſay 1 may fail away ne by e 
200 leagues, and fo. ſhould be in the latitude of 41 degrees 32 minutes, | 
and have altered.my longitude 14 degrees 56 minutes. From thence 
again I may ſaile ze halt a point Northerly 165 leagues, and then 
ſhould be in the latitude of 45 degrees 25.minutes, having altered my 
longitude 24.degrees, 58 minutes. From thence again ſailing exe 130 
leagues, ſhall be inthe latirude of 47 degrees, 54 minutes, and have + 
altered my longitude 33 degrees 42 minutes. From thence ex e halfa. 

iat eaſterly 88 leagues, into the latitude of 49 degrees, 11 min. and : 

ference of longitude 40 deg,. 5 min. From thence again if I ſail eb = 
70 leagues, I ſhall be in the latitude of 4 degrees, 52 min, and have 
altered my longitude from Suzrmers Iſlands to the Eaſtward 45: deg. 
22 minutes. And thus being. near the parallel ofthe Lizard, | keep - 
in the.ſame parallel, ſailing Eaftztill I come right off from it, which by 
this reckoning ſhould be 317 leagues ; andſo the whole diſtance from . 
Stmmers Iſlands to the Lizard, according to.theſe courſes, ſhould be : 
about 1070 leagues, going over the Bank of New-Found-Lard.” Now, 1. 


ſay, coming into the latitude.of 49 degrees; 32 minutes, or a_ 
| abouts,. 
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abouts, though by my reckoning, well reftified by obſervations , 1 
find my ſelf to be ſtill ſhort of the Lizard, about 3 17 leagues: yetl 


follow not the great Circle any further, but that I may the more cer- 


tainly fall with the place intended,whether Sel or the Lizard, I keep 
my ſelf inthat parallel ; and the rather, becauſe the reckonings out- 
ward and homeward, of Voyages made to this and other places of 
the Weſt-Indies, do for the moſt part diſagree much. Which difa- 
greement ariſeth partly by the currant ſetting homeward fromthoſe 
parts ; but chiefly becauſe thoſe reckonings are kept upon the plain 
or common Sea-Chart ; which Chart, except a man return the 
fame way home- that he went out , is commonly ſbjeCt to groſs 
Errors. 

And whereas I know, that the moſt part are wholly addicted to the 
uſe of this Chart ; ſome alſo deſpiling all others, and may happily be 
offended that I ſhould thus tax it with groſs Errors; I ſhall make it 
— (partly inthis preſeat Example) that I doit not withour juſt 
cauſe. 

In ſaffing from the Lizard to theſe Iſlands, and ſo to other parts 
of the Weſt-Indies ; Men commonly run far to the Southwards, 
as ſometimes into the latitude of 3o, degrees, ſometimes more 
Southerly, to get a wind; but coming homewards, their courſes are 
commonly more Northerly than the, Rumb leading from thence 
home. But in this Example following, let us keep a mean ; and 
- tomake ſhort, ſuppoſe a man ſhould fail from the Lizard Southweſt 
500 leagues, and then find himſelf in the latitude of 32 degrees, 
20 minutes, and from thence Welt 782 leagues, till he find himſelf 
diretly South from Summers Iſlands, and about two leagues off: 
Then by this reckoning on the plain Chart , Summers Iſlands ſhould 
be diſtant trom the Lizard 1 189 leagues in a ſtraight courſe. Now 
admitting this reckoning outward bound to be true , and theſe 
places to be thus ſituated on the common Chart; let us ſuppoſe the 
reckoning homewards to be alſo kept on the ſame Chart. And becauſe 
coming home men keep to the Northwards,*let us ſuppoſe that he 
ſteers a way » ec half a point eaſterly 2co leagues; then ne by e 190 
leagues, ene halfa point Northerly 165 leagues, e  e 130 leagues, 
Eaſt-North-Eaſt half a point Eaſterly ' 85 leagues; Eaſt and by 
North 70 leagues ; ande 317 leagues. Then by. this reckoning upon 
the plain Chart, he ſhould be ſhort of the Lizard about 160 
leagues. 


n RD —— 


| by 4 great Circle. 

leagnes. Whereas by a true reckoning, he ſhould be as far ſhort as the 

which come from thence, and other 

; no allowance) are at home 

their reckoning ſometimes 200 leagues and more. For a, mans reckor- 

lain Chart, makes hi 
es 


put him forwards 5o or 60 
above 200 leagues before his reckoning. 


Lizard. And hence it is that they 
of the Weſt-Indies 


ter than he | 
ſometimes leſs ; and the current may 
eagues more, ſo that his Ship may be_ 


| | e three princ Ci 
whichT hope, I fhall have opportunity to'hq 


much at preſent, touching 


r, with ſome other things of like nature ; and + ng 


faults, & may peradventure be here committed through 


for the Angles which every Rumb ma- 
keth with the” Meridian. + 
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of the Deilination of the Sun , and fixed Stars 
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OO CATS 


TE ECAUSE. in the. prattice and application of the do. 
Nord d. |. Qrioe of. Triangles, it 1s otten.requilite, that the,Swis 
oy. BZ: dechnation be known, I haye. Uought, god berg. to 
lace four: Tables. thereof : The hrit, ſhewing, the 
; Snns declinations for every day of the firſt ſoun years 
—_—_— aftcr thc. Lcap-years; namely, for the. years 1677, 
1637, 16357 1689; 1693, 1697, The ſecond, for the ſecond years 
after the Leapzyears z namely, for 4678, 1682, 1686, 1690, 1634, 
1698. The third, for the third years after the-Leap-years j namely, 
for. 1679, 1683, 1687, 1691,.1695, 1699+ __ And the fourth , for 
theſe Leap-years 1680, 1 684, 1688, 1692, 1696, 1700, according 
asthey are expreſſed inthe head of each. Table. And hecauſe theob« 
ſervations of onr Countreyman 'Mr. Edward Wright, are not ( asl 
take it) inferior toany other at ghis dayextant, thepefore I have damn 
theſe Tables out of his, reftifying thehjby Proſthaphercſis)for theſe 
next enſaing}rimes; 10.2X 44 m 
To theſe | have added ( chiefly for the uſe of Sea-mer ) Rules for 
finding the-latitudes of places by the declination and nan, > 
altitude of the Sug-or Stars:;- and a Table ofthe right' aſenſions and 
declinationspf-abont 74" principal” fixed-Stars; calculated accord- 
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ars will be upon 
_wbereby you 

| 4! for hnd- 
you nigy conjectuxe their other times 
in any |day pro; | 


whereby 


Y-thein 


I j 
' 
| 


——- # 


they. * 


ho => ALF | <= oY 
they ſee when the Sun or Star is near the Meridian. Such [as deſire 
the exatt time of a Tn 6 the Meridian for any day , ma 
ſubſtra& the right aſcenſion of the Sun for that day from the right (- 
cenſionof the Star (adding thereto,if need require,twenty four hours) 
' thgremainer ſhews how tnany hours it will be after Noon, : hefore the 
Star be upon the Meridian. [4% $5: % 
The Suns right aſcenſion for any day,may be found by his declinati- 
on for that day, by the reſolution of a right angled/{pherical e 
2s of the Triangle Y F Q inthe general Scheam of the third-Chapter 
of Spherical Triangles. But I have annexed an exaCt Table of the Suns 
right aſcenſion at the end. $52: 
Alſo fot the Stars near the XquinoCtial, I have ſe, down ( in this 
rt >pwge, their Longitudes and — * _—_— 
Place may be diſcovered by her Longitude any of ther, cipe- 
cially being in her Ninetieth degree z whereby .the Longitude of pla- 
ces of Sea or Land may be tiearly gathered. For» the performance 
whereof, 1 intended to have handled the Moons motion, and to. have 
ſet down the beſt ways I have thoughtupon; bar other urgent occaſi- 
ons have hindred me. ,|Notwithſtanding, [if you find bylome exatt 
Ephemerides the Moons true Longitude at the. time of obſervation, 
and obſerving with meet inſtruments her Longitude from ſome of 
thoſe Stars, and withal the hour and minute of the Night (-which by 
the right aſcenſions and declinations of the Sun Stgrs may be 
known) you may nearly gather the difference of Longitude : For 
which cauſes 1 thought it not uous to ſet down their Lot 
and Latitudes,and an exat Table of the Suns right aſcenſion,: 
1 cannot proſecute the reſt at| preſent; alſo by the! Longitudes and 
\odes of theſe Stars, their right aſcenſions and declinations may 
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IStars near the | FquineRtial ar Declining ta $0 
Longitudes, . L atitudes', Right dfcenf 


| Anno Domini 1640. compleat” with. their Seaſons. 


Degrees. | » Theinſ 
i and -Declinations, 


» Their Names. 


E7 


Decli. Seaſone. 


2\in the Whales tailthe brighteſt 
2\ſa the girdle of Andromeda 


In the Whales back Eaſtermoſt 

In the Whales belly: 

[In the Rams horn'the firſt 

In the ſouth foot of Andromeda 

[v the Rams head 

Perſeus right ſhoulder 

n the Whales jawthe- brighteſt 
eduſa's head, or'Algol. 

2|Perſeus right lide 

3{in the Pleiades the brighteſt. 
1{Bulls eye, _ " 

he Goat, or Wagoners, ©. 

1|[n Orians left foot 

2{Wagoners right foot 

rions left ſkoulder* 


Sh 


Mm ww w MH ww ww uw 


(00) 


the bright foot'ofthe Twins & 


ln the Whales back the Weſtermoſt Y 07.03 


— CG 


20147 6.398 »9. 52-Fuly 197 
#25. SLACD 42 033-  J2\Fmly bl 
S\rs. 5513: 17 $124 -43/Jul 
Me IH. 34815 45|16. 51 $09. 5 5\Foly: 

Y {17.17820. 19.23.45 $11:5 7] Aug4 
Y 28.2 N07: 0823. 47117:36 Avg. 

&, 09.31 117-.4625.51 140-41] Aug: 
v 02. 58 n09.57 7:05 N21. 51] .Aug. 
.0g.81 52.09 Aug 
13\$,92-45)4 427 


je 55-4 


1dr O1{efept. 
$6[Sept. I: 


{rs Y; 


n95.55 
£0.39 "ray 


= # 


por. 2000 Fob. 


2 ne IT i, "my "3 
nn 1 5-3 304! 9-9aþe9N 
21.108|1 5.571 10. 


Inthe lower F Pollux 1$\35MOG 3 
4Hydra's heart Es _ $5.20 ——_ "MO _ 
4 4 » AS #5 
h LF JO. $9 a2 «JI 
[T2 2104-000722- 23] Dec.23 
my 16.5) 124.1 81172,5816.28)Dec.z1 
<4 ©1.59Þ 96, 5309-21 
= 19.310031- .22Þ410,1 5/21. 1 9|Feb. 
m |10.23]g09. 2621 8,061 1.4. eb. 1 


5y 

2 pals _ Wake « 

zPcormegs hear: > lo5.05f 04-27242-1.5]s 5. 
phincas right'foot ; k5- $3892: 1672 54; 5 

| TIDhkoons by [10-35]06 1-45/276-24 158. - Ap. 18 


> SR p 127.01] 9229s 23-3) n6s. 03 
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mY near te | NarthPole, Their-Righe Neenfion ons] 
*Declinations, and «Diſtance fromthe Bale, ſo] 
I Chriſti * #660; *compliat © with: heir Seaſon) 
"for Obſervation. 


* 5 EG 


1 . | 
þ hs Nel + obe Years | | F al IT 
3 7 the breaft o Caſſopera . 35-17 YJ = | 
3|The North Star 02,. 29\Faly 18, | 
3|{n the hip of Caſſiopeia 31.'06 to! 
3|{n Cafliopeias knee 131. 33 26 
3\{n Caſſiopeiasleg 28: 01] Ave: 
[n Perſeus right ſhoulder 37- $1] Azg.20 
[n the great Bears ſide $8:11]31. 49}Dec.20 | | 
2]1n the great Bears back 160.376 3.34126. 26]Der.20 | 
n the great Bears thigh” $-35134- 2 517. 1] 
3j{n Dragons tafl, the laſt þut one 71.3718. 23} ar. 4 { 
n the great Bears rum $37168:54}31: 06}Fan!” 7 


[ 2\Between her fait and the Lyons 
2\Firſt in the great Bears tail 1 89.41[57.50/32. 1off 7.16 
2/The middiemoſt in her tail 1 97-30[56.4.313 3. 1 
- |:2flntheend of her tail - 203.30[51.03|38. 57Fan.30 
tl: ris fetoE rd 209. 3465, 5924. O1}Feb. 3 
FThevindermalt gue / 222-4514. I 4. 22]Fev. | 
| hi guard 31:09] -18]r6. 42 b.2 | 
It Dragons head foremoſt 260. 44 52.35]37-2 
2 


3]ln ons head hindermoſt 67.12'51.37138. 23 Apr. g 
3\[n Cepheus girdle 321.02 69. 0820. 52[Fun. 2 
3|ln Cepheus left foot 333- 53 64-1525. 16]Fun.1 
| 3/ln the back of Caſſiopeias chair 1357.54 57.18/32. 42[7l. © 


'T Io for 


- Hg mw JIG, 


finding the Latitude of (Poles elevation by the meridian altitudes 
the Sun or | a and: by tbe T able of their, Declinagions before-going. 
le _ REY the Sun or Stars be 0p the Meridian t0 "uu | Fawbuantr, end 
Fo : L T5 'P t 1 *. \\s 

wy the Suns declination to his meridian alticade, and taking that \ 
total from go degrees, the remainder is the Latirude, or the Poles 

glevation Northerly. T.; 
As admit upon the 100f Jannary, 16495 1 find by the 75 


Tables, The Suns declination Sogtherly-:: ;v - 55+ i, 2420 . 
x The Suns meridian aſtirade by obſervation 675 4.0 9« 
The ſamor total is S | 37 : $55- 
Which ſubſtraCted frem - | t9 60 
. There remains the Latitude Northerly $2. | OF. 


Bat when you have added the Suns declination to his meridian al- 
titude, if the total exceed godeg. ſubſtraCt from it go deg. and the 
remainder is your Latitude to the Southwards. 

As admit the Suns declination to be Southerly 20 deg. 11”. 


— Themeridian altitude by obſervation 70 35+ 
The fan or total is | go 46. 
From which ſabſtrating 90 00. 


There remains the Latitude Southerly 


| 46. 
Caſe 2. If the Sun or Star be on the Meridian to the Sarbmends, and 


: bave Nort h declinati 10n. +» 
- SubſtraCt the Suns declination from his meridian and that 


 whichremains, ſubſtrat from go deg, cen tht which nains , is - 


your Latitude or Elevation Northerly. 
As admit upon the 20 of April, 1649, Hind: © ot. Ig 
'* The Sunsdeclination Northerly * a .. 7) - 


The meridian attitudeby obſervation: - 64 22. - 
.* Theremainder, ſubſtraſting thedeclination, is 49 - | lu 


There: remains the Latitude Northerly hy 
Caſe'3. If the'Sun or Star be on the Meridian to the N y 
have North declination. 
Add the Suns declination to his meridian altitude, that total take 
from godeg. and the remainer is your Latitude Southerly, or the - 
Elevation of the South Pole. 


But . 


But when you have gdded the Subs declination to his meridian tis 
tyde, if itexwecd <  bſtyXdfrom-ic go Urgroosy and the 
remajneris' your Bitieade Northorty1? ©: 5: 

. Caſe or be ro the Northwer ds at Noon, wy heve Sour 7 


* *—."7 
$ £c< #3 78 TE "I! & + 


- $ebſte@rheSinedediantion fromhis meridian altitude; and that 

which remains, ſubſtraCt from g » degrees, . then that which remains 
ieddeSoutherly: 94.' 07 e0 

_*-Thyf®Rutes might have & et Gatndienct other ways, betlet 

this ſuffice. Rnd What iShere ſaid'ef the Sun, is alſo to be underſtood 

of theStars being upon the Meridian. 

” F. If you chgnee to obſerve when the Sun hath uo declination. 

Subſtradt his meridian altitude from go degrees, and ' the remainer 
is-your Latitude. 

6. If you chance to obſerve 'whenthe Sun or Srav is in the Tenth , that 

& go degrees above the Horizon. * © 

Look in the Table for the declination of the 58, or 'of that Star, 
and the'ſame is your Latitude. 

7. If the Skn come tothe Meridian beneath the Pole. 

it you bewithin the artick or antartick circle, and obſerve thc Sun 
PH the Meridian under the Pole, ſubſtraCt the Suns declination from 

degrees, the remaiher is the Suns diſtance fram the Pole , which 
diſtance addedto his meridian altitude, the ſum or total is your Lati- 
tude or Poles eleyation, 

_ by like is to be com of the Stars z for ale Ath rough 
in S the Pole, we baycexpreſled inthe toge- 
= « Table, El conplen Cents oft Rechgation, that: is their di, 
ſings rom Wh e North- 

If _—_ jou obſerveay Ly theſe Sears u =) the Meridian be- 

gle : add to its meridian altityde tau obſervation , 
hu fx Fm the Pole, the: forall jo the and Wo.g the North- 
pale,..or y titude Northerly 

ifyou obſerve arfy of thoſe Stars- ujon the meridian above the' Pole 
os -— meridian altitude of that'tar AibRerady' his'diffance 

c z the remainger isthe height .of gbe. North. pole. - Or 
out oof the Stats diſtangs from the Bole, ſubtract his weridian ahi-. 
tude, the remainer is your Latitude NS. we kdre 
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The Epilogue, or Concluſion. 


TIN handling the Doftrine of Triangles, 1 have not ſet down all that f 
might, but this 1 bave chiefly endeavoured accoras $2, 09 Fur 
Site > Ac —— uch Axioms, as might be few in num- 
ber, <aſie for ready in prattice, and conſonant to the nature of 
ke ra _"{g at alſo direR the operations by natural ſines, 
tangents and ſecants, and Ai t by inſtruments. Inthe demonſtration of 
theſe Axioms, I hove laboured to jr brief and per ſpicuom. In deducing the 
caſes from them, 1 have opened the _— how it is done, and of all "the 


queſtions incident 12 every caſe , whereby the Reader may conceive the 
like in any le propoſed, ed,” The Exen es 1 as in ſuch ſort as 
might beſt nanfef ſt the Operation, and be a moſt ready oY prattice. 


71 application I pre api wed, in handling the oy es, bar for ther in 

n tt et wherein all t po Few of plain and Flr triangles may 

ly, ordinarily, and to good purpoſe be uſed, be T. ables I bave ſoor 
ed, as I thought might t be moſt A ie and ready for ordinary uſe, accor- 
ding to the method I have uſed. Many varieties that myght have 
been ſhewed , I have purpoſely omitted , that I might not ſeem tedzous. Ar” 
Theve femed from ave groned bow to reſolve all the caſes and queſtions of 
ain right angled triangle a4 hath been uſual before. Whereas for the 
i: th _ wary baſe and perpendicular are given ; to find the bypothenu- 
 7#- $ hath ſhewed a more peculiar way, in bis Arithmertica 
Bea P- 19. So likewiſe I bave ſhewed the reſolution of the 
pr caſe, ( Codes three ſides of an oblique triangle are to 
an angle ) by an Axiom [ > cafe, ik Jam in lth ath 
con a lng P / for that purpoſe : whereas it might have been dove , and 
are 2B ih more © ſpeedily, by ſuch @ way as may be £4- 
tered from Mr. Bridgs his Arithmetica Logarithmica , chap. 18. 
b he do not expreſly handle it. But then I conceived the rule yo 

ben ſaeſe fr me mory, nor ſo <Ppyable to inſtrumental oper 

ons which / 5 d brief to toxch, EY a5 75g had not binked, 
Let ſince underftanding it guts bave been acceptable to dyvers , and be- 
mg very apt for the Arithenericat work., I bave thought good hereto place 


B b Adv. 


The Epilogue, 


__ It. Briggs hath ſhewed Chap. 18. SeCt. 3 and 5 having thethree 
 Fides of a trrangle, how td find the Semidiameter of the inſcribed 
circle, and any of the angles thus, or to this effect. 

Subſtratt the three ſides feverally from . half the perimeter , and 
tote the remainers then, firſt, 


B.' As half the perimeter. 
C. to one of the remainers ; 
DF. fois thereCtangle of the other two 
GG. to: the ſquare of the ſemidiameter of the inſcribed 


circle. 
Secondly, 
C. As one of the foreſaid remainers 
G. to the Semidiameter of the inſcribed circle ; 
R. To is Radivs : 
A. to the tangent of half the age oppolite to that remainer, 
theſe he hath there demonſtrated. 
By the firſt of thefe it js evident , that As BtoC, fois DF to 


*$6G; and multiplying the firſt and ſecond by the ſecond » As BC pr 
CR DF to GG: Andalternately as BC to DF, fois C 
to ; ; 


Again, by the ſecond, As CtoG; ſoRtoA,and {quaring them , 


as CCtoGG; fois RR toAA: Butas CC toGG; ſfols-BC 
to D F asbefore was proved. . Therefore as BC to DF ; fois 


RRtoAA. 


©, 2diiiip 

-"B C. Asthe reangle of half the perimeter inone of the fore- 
faid remainers ; 

DF. 4s tothe retangte of the other two remainers ; 

R R. fois the ſquare of Radius, | | 
AA. to the ou of the tangent. af half the angle oppoſite to 
= that remamer. Ho 

Tins being timited , that-F.cannot,conveniently In this 
; rr nun rome words at large, this Algebraical de- 
nction and demonſtration may ſuffice, which to the learn- 
ed inthat kind willnot be obſcure: Hence then, 


Thethree ſides of aplain triangle being given ; we may find any of the 


augles, 


Sub+ 


The Epiloghie. 


Subſtradt the three fides ſeverally froet half the peritieter , r0- 
ting the renainers. - Then torhe complentents atitthmericat of half 
the perimeter, and of the remainer oppoſite tothe angle required ;' 
Add the Logarithms of the other two remainers, half the ſum of 
theſe four is the tangent of half the ang oppoſite to rhat firft re- 
mainer. 


' As let ADE be the trian- ÞD. 
gle whoſe chrea ſides are gi- 
ven. a | 
AE. 1897 And let there v0 
AD. my required FR. 
E D. c755 the angle at D A E 
The perimeter 420 
half the perimeter 240 00-4 
AE 19g remains 21. C0. Ar, 8.67778307 
from which <A D 156 rem. 5$54logar. 1.732 3937 
ſubſtract FE D O75 rem. I35 logar. 2.1303337 
d. m. 20.21323383 
$2——-074 #*3D 10.1091444 


which double 1s _ 104 1s theangleatD required. 

Note, that the fide k wy an che ang] roputl, whieh is ere 
AE. #$5 being ſabſtred from haFthe perinere# 2% the rentai 
er 21 isthatwhictt-wehave before*calied the remtginer oppoſite to 
the angle required. 

2. Example. Let therebe required thewhgle at E. 


Halfth meter "216 al. ar. 7 v7 
4. FAD 156 ren 54 00. ar. » .2876964 
emma AE 18g rem, 24 logar. 1.3222493 
"(ED o75 rem» 1-35 logar. 1387 

. d. Mo / 19.3979400 

26 14 eSE 9.6989700 


Which doubled 2 o$ the angleat E required. 


Now whereas I bave here, and in ſundry places of this Book,, cited 
Mr. Briggs his Arithmetica Logneichotica, ( leſt I may ſeem to 
«bnſe the Reader ) you are to 


ſtand not the Book, put forth 
Bb 2 abont 


The Epilogue. 
«bout 4 mnonth in Engliſh, a1 a tranſlation of bus,” and with the ſame 
Title ;, bein alorndrig > Rn 
himſelf put forth with this Title in Latin, being printed at London, Anno 
1624. ' And here I have juſt occaſion to blame the ill dealing of theſe men, 
both in the matter before mentioned, and in printing aſcend Edition of hu 
Arithmetica Logarithmica in Latin, whilſt be lyved, againſt bis mjnd and, 
liking ; and brought them over to ſell, when the firſt were unſold ;, ſo fruſtra- 
ting thoſe additions which Mr. Briggs intended in his ſecond Edition, and 
woreover leaving out ſome things that were in the firſt Edition, of ſpecial: 
moment. , A prattice of very ill nos; and tending to the great diſpa- 
ragement of ſuch a1 take pains in this kind. 
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T EB N 


CHILIADES 
OR THE 

LOGARITHMS 

Of abſolute Numbers from a unite' 


to 10000. . 


| 


CHIEIA'S' 1. 

mm. Num Logarichm.\N Num um|Logaritbm. Num Logarutm.. 
1þ.000000g 361. ET 5 7ijr. pool 126 0253058 

. 37 1.5582019] 721t.8573325 0293838 

| k 38 1.5797836] 7311.8633228} 1 -0334237 
b 391.5910646 7411 .8692317 ooh 0374265 

_ 491.6020600| 75 t.8750612] 110/2.0413927 

41,1 6127838] 76]t.8808136 11 1;2-0453230 

42 I 6232493; 7711 .8864.907} 1122-04. 92180 

431+ 6334684; 78, 1.8920946] 1 13/2-0530784] 

44 1 6434527, 79118976271] 114/2-0569048 

451-65 6532125 _ Boſs, 1. 9030900, | 11512-0606978 

11h 0413927 461 1-6627578  8ihr; 1.9984850 116.2-0644.580 
12|1.0791812] 47 1.6720978] 82J1. 9138138] 1172+ 0681858 
13]1-1139433] 481-6812412 831. 91 90781 198/2. -0718820 

I 1.1461280 49 1- 6991 961| 3. 9242793 1192+ 0755469 
15[1.1760912] 501.6989700' B5ſ1.9294189 120'2.0791812 
 1611.2041200] FI 1. +707 5702} | 86\1. 9344984 121{2.0827854 
1911.2304485 5217160033] B7|1.9395192] 122/2.0863598 

18|1.2552725] 53.1-7242759] V$11.9444827| 123]2.089905 1 
19]1.2787536] $54.1-7323937] $911.9493900 124/2-0934217 
20}1 .201 0300 WL ne Lg 90[1.9542425 125 2-0969100, 
21/1.3222193] 561 1.7481880 | AS 95 12621003705 
2211.3424227] $57 1-7558748 = 96378} 127/2:1038037 
23]1-3617273] 58 1.7634280} 93j1:9684829| 1282.1072099 
241.3802112] 591.7708520] 94 , 9731256) 129-2.1105897 
| 25]1-3979499] _ 601.7781512] 93/1:9777236| 13021139433 
2611.4149733] 61[1.7853298| 96[1:9822712 13112.1172713 
2711-431 3637] 6211.7923917] 97]1-9867717| 1322:1205739 
28[1.4471580 6311.7993405} 98j129912225| 183/2:1238516 

2911.4623980) 6411.8061800] g91:9956325} 134\2.127104 
| _301-4771212] _6511.8129133]_100|2.0000000]. 135/2.1303337 
| 311.4913617] 661195439] 101 [2.0093214] 136h.1335389) 
32[1.50515 67118260748 1022.00 2] 1372.1 367205 

- 33]1.518513 6 12325089 10312.0128372] 138Þ.1398791 
| 3411-3314789 691.8388491 104[2.0170333 139P.1430148]. 
353/11,3440680d 701 8450980 105{2.0211893, 40 2.146128] - 


CHIL 


Ram Lopes Num Loperidr 


Togariiim: NumjL4 


2.1492191 
2.1 $2298 3 


2.1553360 
2.1 583625) 
2, 161 3680) 


2.903317 


2. 2.2063258| 1 


z. 1543528 
z. 116793113 
2.1792617 
2,1731862 
2, 2. 1760912 
2, 2.1789769 
2.1818436 
2.1846 
2.1875207 


196, 
177: 
178 
I79 
180! 
"131 
182 


2.2455126 
2.2479732. 
2.2504200 
2.25285 30, 


TAS 42. 


- 


211 2.3242824 
212:2.3263355 247 
213 2.3293796 248 
214 2.3394138,; 249 
215 2. 2.3324384 250 
"216 2.3344537, 251 


260071 4 217 2. 3304597, 252 


2. 25 52725, 
Ig 2576786 


242648178] 
2.267191 7 
2.2695129] 2 
2.2718416 
2.2741578 
2.2764618 
2.2787536 


2.1931246 
2.1958996} 
2.19865F71 
2.201 3971] 
2.204120 


2.2095 150! 
2 2121876| 
2.2148438 
2:2174839/ 2 


2. 2201081) 2 
2.2227164 
2.2253093 
« .2278867 


| 


17112 
172 


174/2.2405492| 2092.3201463| 244/2 .3$73958} 27912.445604 
17522430380] 2102.3222t93) 245'2.389r660? £862:4471 58 


235528 


194 


| F95 
196 
197 
198 
99 


2002, 2,3010300 


204 
202 
203, 


204. 2. 3096301 
2.2304489 205 2.3117538 
2,2329961 206 2. 3138672] 


2.2810333 
2, 23833012 
2.2855573 
2.2898017 
2, 2900346 
ln +2922Y61 
2-294466 2 
2:296665 2 
2,2988531 


Nu arithm. 
C——_——— — — 
2:390935 1 


2.392696 

2.3944517 
2.3961 993 
2.3979400 
2.3996737 
2.401 4005 


2262451 1] 218 2.3334565. 2532 


219 2.349444 1j 254 
2202. .. 3424226 255 
221 '2. 3443923] 256 
222 2, 3463530; 257 
223 '2. 3483048} 258; 
224'2, 3502480! 259. 
2252. 3521925) 2 260 
2262. 2.3541084\ 261 
227 2.3560258] 262 
228 2.3579345} 263: 


2292.3598355) 264 


"Z3O 2, 2s 265 
$61] 231 2,4636120; 266 
2 32/2:36534880 267 
2.3 Jj2» = 268 


234/2.3692158} 265 
235/2.3710678 290 


2. 2.3031960 
2.3053513 
2. 3074960 


2.3747483} 272 
$12.3765770} 293] 
2.37839791 294, 
2.3802P12} 255 


236]2, 37291 Z 25x 


207 2.3159703 


| 193[2.2380461} 208. 


2.3180633] 243 


"242 


4031205 
2.40948337 
2.406 5402 


(2:439332 
N :.3820270 2976 24409091 
2.3838r53] 299/2-4424797 
2.38596663} 2932.4440448 


2.4082 3 99 
2:4099331 
2.411619 
24132997 
2.414973 
2.416640 
2.418301 
2.419955 
2.421603 
2.423245 
2.424081 
2.426J11 
22428134 
2.429752 
2.437363 
2.432969 
2:434568 
2430762 
'2:4377505 


CHILIAS”r. 


Nun|Logarieon.” 'Nug Nuayd avrithm., 
| 

331 545397 1 3852. 5848873] 

352 2-5455426; . 387]2. 3877110 

| 355-$677747 388[2.3888317 

3542-5499935, 389j2.38994.95 

_ 3902 .. 5910646 


39443+- 5921767! 
a 
358 2:55388z30 


| 392{2-593286 r| 
3 93!% er 
324]2.5105450| 3592-5559944 3941-4958 
$25}2-51 5118833] _ 3602. 2.556302 5| : 395]2-59 
$132176! - 361 224575072 3 
-5145477\- 362 2:55870Bd} 3 
328/2.5158738 


| na 


310j2.4996#71 


28212.4 50249! 
i2892.4517864 
"28412.45331 53 
2h5/25ahe 
.4563660 
289 457881 9 
2882. 4593925 
2892. 46089983 
| 2002. 2.4523 980, 
[200 LEN 
653828 
Fes "4 ps 
| 299 2.463347 3 
| B95 '2. 4698220 
l | 296: 2.4129 2914 7 
| 


5078559 357 2. $$1400 


323]2- 5092025] 


| 36a'2: 561104 39912.6009929, 
_36J'2: $62292 9} 40dj2.6020600 
— .5634%1 Of 4orf2.6031444' 

2-6042260! 


331j2.5198280 
299'2.4729564} 332N2-5211381 
298/2. 4742362 
2099.475671 2 
{ $0 2.477121 2] 


£3 1.478566 5] 
/ $032. | | 4 rcaidoa, 


{mn 5+. 


; 


3126-49414 
-B1 303-495 Sad: 
2; $5150 


(xr 


2. Doing 
«53402614 


$365 584 
$12:5378191] 5 


3 . 


72.57 
3842. 5759)836 


462. 539076 uf © 
347 $403297 


84's 


P25 s 
W192; 8Yrg8f 
byes 'F 


4r-Y 


$92.5809256 41dſ264 bog 


4 


4rÞþvaþ2 


0 


T7 


EET 41% 6194 Ff 
_ FI ALYZ-H 
[2.5 "hs 


.61 BO 


2:62 


G28? 


% 


CHILIAS £v. 


1.624221 
2.6253124 
2,.6263403 
2.6273657 
2512.6283889 


2.6294096 
2.6304279 
2.631 4438 
2.6324573 
2.633464] 465 


| 443 25464937 


2.6344773 
432 2.6354837 
v. 433 2.6364879 


| 435 2.6384892 
436 2.639486 5| 4 
437. 2.640481 4} 
438|1.6414741 
439 2.6424645 


441; '2. 6444386] 
- 442; 2:6454223 


| 444 2.6473830 
_445 264836009] 4. 


451 2:6541765 
452126551384 


461 


434 2.6374897] 46 


_442 2:6434527] 


þ -ogarzcbrt. Ne "Nut | Logarithen. |Num| Logarithm. 'm. | 


al 


*456{2.6589648, 4 
45712.6599162 
458/2,66086 55 
4592, ——— 
| 450 2.662757 

2.6637009 
462;2.6646420 
463|2.6655810 
4 .6665180 
$12,6674529 


49! 
492 
*493 
494 2.6937269| 
49512.69456052 


— ——  _— —— ——_———— — 


496/2.6954817 


498 
4992. .6981005 
5OO 2, 6989700; 


266 2. 6683859 
| 467 12.6693169 
468 .6702458 


$1 
FI 
Fl 
$1 
F1 
F1 
$1 
Fl 


Dy 6 901 96 1} 52 


503 
2.6711728| 50 
i pd | $0512.703291 4 


315 


| $2012 


5091/2, .6998377] 
5O2 


| $10.2. 39075702 
2. 7084209 $46 2.737 


2 
3 
4 


- 
8 


bY 


42.7024305 


2.6910815 
2.691 9651 
2.6928469} 


2.6963564 
2.6972293 


2.7007037 


2.701 5680, 538, 


$45 


539 2.731588 


560 735598 


2. 7092699, 547 
2.7101174 548 
2.7109631 
2.7118072) 


5492: +7395723 
550 2.7403627 


$32[2.725911 


2.730782 


2.736396 


2. pode 


2.738780 


2.7126497, 551 
2.71 34995| 
2.7143297 


2.7151673 $54 


2. -716B377, 556 


2-7176705j $57Þ- 
2.7185017' 5582. 


4 


2.7193313} 559Þ- 


2.7411516 


552/2. 
$53P- 


2.7160033 © $55(2-7 


F2-7201593" 560ſ2.7483 880 


CHILIAS. kh 


| Num|Logwirhm. 
"56112.7489628 
$6212.7497 363 
56327505084 
\. $6412.7512791 
$6512+7520454 
5$66,2.7528164 
567,2.7535930 
568/2.7543483' 
$69,2.7551 123 
$79 2:755874 
$71 2.756636 1} 
572 2.7573969 
$73 2-7581546; 
574 2.7589119 


© $76 2.7604225; 
$77 2.7611758; 
578 2.7619278, 
$79 2.7626785; 


581/2.7641761| 
82 2.7649230 
$832.7556685 
584 2.7664128 
$55 2.7671558 
58612.7678976 
587'2.7686381 
588/2.7693773 
| 589 2.7701 153} 
 $908-7702320 
2.7715875 
2.7723217 
2.7730547 
2.773786 
2.7745169 


591 
592 
593 
594 
+ 595 


8 _605/2.7817554 


575 2,7596678, 6102.7853298, 


580 2.7634280 615 2.788875 1, 


W_ 


596|2.77 52462 
5971247759743 
598/2.7767012; 
599 2-7774268, 
600 2.7781 512; 
601/2.7788745, 
602/2.7795965| 
603/2.7803173; 
604. 2.7810369 


Nam Logerichm. (Num Logariehr. Nu Logarith 7. 


631 2.8000293'| 6662.82 347 42 
632 2.8007171| 66912.8241258 
633 2.801 4037,. 668]2.8247765 
634 2.8020892 66gj2.8254261 
635 2-$037727 "SERENE! 
636:2.8034571; 671[2.8267225 
637 28041394 672]2-8273693 
638 28048206 673]2.82801 51 
639 2.8055008 67412.828659g; 
640 2.8061 $00 67512.82 93038 


OY —— ———— — 


606 2.7824726| 
607 2.7831887 
608 2.7839036 
609 2.7846173 


611/2.7860412 
612 2.7867514 
613 2.7874605 
614 2.7881684 


616/2.7895807 
617 2.790285 1 
618 2.7909885; 
619 2.7916$06, 
6202.7923917 


621 2+7 93091 5 
622'2.7937904 
623/2.7944880' 


624'2.7951846 


— 


Fail 8o68580 676 2.829467, 
642/2-8075350 677 2.830588y| 
6 3/2-8082110 67812.8312297 
644 2+808885 9, 67912.831 8698 
645 23995597 6802.8325089 


646 2-8102325 681[2.8331471 
647 2-8109043, 682[2.8337844 
648|2-8115750, 683]2.8344207 
649/2-38122447, 684/2.8350561 
6502-8129133 685/2.8356906 
2.8363241 
2.8369567 
2.8377884/ 


651j2-$135810 686 
652/2.8142476, 68 
653j2-3$149132 688 
654/2-5155777, 689/2.83821 92 
512-8162413 690j2.8388491 
2.8169038 69112. 
2.8175654 692/2. 


625,2-7959800 
62612.796 5743 
627(2-7972675 
628(2.797959 
62912.79865 
63012.7993405| 


66412.8221681 69 
2.822821 


C 


C 


CHILIAS. 


8457180 
2.846337! 
2.84695 53 


2.8475726 
2.8481891 


| 796 2. $485047 | 
$ 70712: 94941 9 


7083/2, 85003 32] 
799 2; 8505462 
7102, 2.9512 583 
|-7 71 2. 78518696 
[712 2: .8524800 


714 2.85 36982 


Num| Logarithmn, [Nr Num 


Logarithm, 

2.8668778 
2.5674675 
738Þ.5680564/ 
2. 8686444 
7402. 2.3692317] 


736 


Num 
IT 


7722. 


773 


774|2. 


715 


12. 2.86981 82] 
2.870403 9, 
7432 2.870988! 
7442.8715729, 
_745 2: 2.8721563 
"746'2., 2.8727388 
747 2.8733206 
7482. 8539016 | 
7492.8744818 


| 713 2.8530395 


7152. 8543060) 7 
\ 716 2.854913 7512.875639 


717 2.8555191 
{718 2.8561244 
| 719 2.8567289g 
720 2.8573325 

721/2.8579353| 7 
722.2:8585372 
723 2.8591383} 
7242.8597387] 
725 2.8603380 


n—nnt nns  EEIEEEI — — 


— 


| 12712. .$615344 
- 72812, 8621314] 
- 72 9}R.8627275 
: 730P- ..8633228 


* 7322 
733 


8645111]. 
2.8651041 


 2342.8656960 


©73102.8639174 


750 2:8750613 


7522. 8762 178, 
753j2-8767950 
7542+ 8773713] 
155; 2.8779469 

7562+ 2.3785218 
T$72-8790959 
758/2.8796692 
7592+ .8802418 
7602. 8808136 
761 2.881 3846 
762]2.881 9550 
763]2.8925245 
764/2.9830933 


_76512.383661 4 


766|2.88422.88 


735 2.866287 3] 


776 
77712 
778 
779 
780 
812 
78212 
783 
784, 
785 


9 70612. 8954225; $21] 


78 Ti 
1788/2 


78g, 


7902 
791 
792 
793 


4/2. 8998205, 


 Logarithm, [Nur 


2.8898617 
.8904210| 
2. 8909796! 813 
2.8915374' B814]2 
2.8920946, '815]2 
8926510, "$16 
8932067] 8172 
2.8937615; $18 
2.8943161} 81 9[2 
'2.8948696: $20Þ2 


—— _  — —”— 


812 


2. 8959747, 822[2 
.8965262; 823 
8970779, 824 
2 8976271] $25 825 
2.8981765} $26 
; 8987252] 827 
2. 8992732; $28 
829 
_ 830 


2,9003671| 


Box 


- 76712.884795 3] 802 
768[2.8853612} $03 
7692.8859263]| 804[2.9052560 
$7792. 8864907] 805 


712.9014583 
312.902002 9 


2.90091 31 831 
832 
833 
834 
835 
836 


2,9025468 
2.9030900 


» 2.9036325 


Num Logarirom| 
"Bos .9063350 
807]. 9068735 
80 


Braſz. 9084850 


2.9153998 


2.9074114 
2.9079485 


2.9090208 
2.9095550 
2.91 00905 
-9109244 
2.9111576 
2, 2.91 16901 
.9F22220 
2.9127533 
.91 32039} 
.0138138 
2: 9143431 
.9148718 


2.915 9272 
2.9164539 


ISO OE een n—_—_—— 


- 9169800, 
2.91750g5 
2.91 80303 
2.9785 545 
2.91 90781 
2, 2,91 96010) 
2.9201233 
2.9206450, 
2.921 1660 


2.92 16865 


— ——  — 


2.9222063 


2.9041744 
2.9047155 


2,995795Y 840 


83712.9227254 
38/2.9232440 


83912, 9237620 


2.9242792 


OO TE PO 


CHILIAS -L 


Num Logarnhm. Num Logarithm. 


| 857 2.932 9808 B892/2, 9503648 


__ — ID 


841]2.924796 87612. 9425041 
$42/2.9253121] 877]2.9429996 
843/2.925$276] 87812.9434945 
$44/2.9263424) 579/2. 9439389 


845) ; Þ 2.9268567 8802. 2.9444827|_9 


B46 2. 2.9273704! 881/2.9449759 
847 2.9278834 882. :2.9454686 
848 2.9283958, 883 2.945 9607 
849 2.9289077, 884 2.9464523 


$502, 2.9294t89 _ 885 2.94694331_9 


TT me 


"B51 2-9299296, 886 2.9474337 
852 2.9304396, 887 2.9479236 
853 2.9309490 8882. 9484130 
854 2.9314579 889/2. .9489g018 
$55 '2.9319661! 


OO o—_— 
I — — — 


856 2.9324738. "Bg1(2.9 9498777 


8582. 9333873 8932.9508514 
8592.9339932 $942.9513375 
860 2.9344984 895/2.9518230 
861/2.93 +9350031| 896.2. 2.9523080 
862. 2. 9355073! 897 2. 9527924 
863 2, 9360108, 898 2. 9532763 
$64.2. 9365137 899 T.9537597 


890 2.9493900|_9 


_$65/2.9370162}  900/2. 9542425 


"$66/2.9375179 90112.9547248| 936 
$67/2. 9380191] 902 '2. 9552065| 937 

903/2.9556877| 939 
904/2.9561684| 939 
_905[2.5 9566486| 940 


2.93851 97 
86912.93901 98 
9792-93951 92 
87112.9400181 
872[2.9405165 
87312. 94101 42 
874[2.9415114 
87512.9420086 


906|2. 9571282 
Þ 2.9576073 
$2. 9580858 
gobla 9585639 
91012.9590414 


"222 


Logarithm, / 'N Num 


2-9595184' 94612 
2. 9599948 947 
2.9604708! 948 


2.9614211 


2.9618955| 951 
2.9623693| 952 
2,9628427 953 
2.9633155 954 
2.9637873| 955 
2.9642595| 956| 
2.9647308) 957 


2.9652017| 958 


[2. 9656729, 959 


2.9661417 71_9 96O 
2.9666110! 9g 961 
2.9670797| 962 


928 
929 
| 930 
931 
932 
933 
934 
935 


2.9675480 
- -96801 57] 
2.9684829 
2.9 9689497] 9 
2.9694159 
2.9698816 
2.9703470 
S. 2.97081 16 


964 
965 
966, 
$67 
968 
969 


2.9609462, 949]2.9772662 
9592 


Logarithm. | 


+975V91 1] 
2.9763500 
2.9768083 


4.977 77236) 
2, 29781805] 
2.978636g! 
2.9790929 9 
2.9795484' 
2. 2.9800c34/ 
2.9804579 
2, 9809119 
= .981 3655 
2.981 8186: 
2.9 «9822712; 


9632. 


> 9840770! 
2.9845273 
2. 2.9849771| 
2.9854265, 
2.9358753 
2. 9863238 


9792-9 


2. 2.9712758 971 


2, 9867717! 


2. 2.992192 


2.9717396 
2.9722028 


941 
942 
943 
944 


2.9726656 
2.9731278 
2.9735896 
2.9740509 
2.9745117 
2.9749720 
2.9754318 


972/2., 987666 3 
973/2. 0881128 
$74/2.9885 58g; 
| 975/2.9890046) 
97612.9894498 
97712.9898946; 
978j2. 9903388 
979j2.9907827 

98012.9912261 


GT 


CHILIAS 2. 


| 987[2.9943171 


my '3.0004.341 


1 003/3.001 3009 


| 


997 2-9986951 


= QOgF! (3.00 0021661 


. 986{2 "9938769 


; 938[2.9947 569 
- 989/2.9951963 
| 990 2.9956352 
9912. .9960736|t 
- 992, 2.9965117 
' 993 2.9969492 
994 2.9973364 
995 2-9978231 
996 2.9982593 


- 998.2.9991 395 
, 999, 2.9995655 
20d! .3. 0000000 
ER —_ c—__ 


1 00213.0008677 


1004/3-0017337 


| 


to1 
1017 
1018 


1038 
1039, 


arithm. Num Legerievs.tNs Num 
3.0068937 
3.0073209 
3.0077479 
(0193. 0081742 
1020 3.00 0085002 


OO — — ——  ——— 


[O21] '3. 0090257 
1022 3.0094509 
102313.0098756 
1024'3.0102999 
1025 3.0) O1 07239 
1026,3.0 OILL473 
[027,3.0115704 
1228.3, O119931 
10293. OI2415 
10303. 012837211 065' 3.0273496 
[ 03113. 3-01 32587[1066;3. 0277572. 1 1101 3. 3.0417873\, 
1032/3, 01367971067 3.0281644 1102 3.0421816 
[ 033/3. -014100311068, 3.0285712 
1034'3.0145205] 
1035[3-0149493 
1036]3.0153597 
10371301 57787 
3-0161973 
3+ O166155 
1040.3. -0170333j1075 3. 0312085 1110 3.0 0453230 


4 


Logarithm. 


——  — 


1051 3.0216027 
1052/3,0220157 
1053/3: 0224284 
19543. 0228406! 


L956 3, 0235639 
1057 3.92.40750 


1969 3, 0253959 


1062 3.0261245 
[1953 3. 0265333 
1064 3. 0269416 


106g, 3.0289777 
1070 3. 0293838 


1086]3 .0358298 
[1087} 3.0362295 
[1088 3.0366289 
105g! 3.0370279 


1055] (3:0232522 1090 3, 3.0374265 


Ll O91 -3, 30378247 
1092 3.0382226 


10583, 0244857 1993 3.0386201| 
1059 3. 02.48960 1094 3. 0390173] 


1995 30394141] 


1061 3.0257154 1096 3, .0398105 
1097 3. 0402066 


1098 3.0406023 
1 099 3.0409977 


1190 3.041 3927, 


1103 3.0425755 
1104 3.0429691| 


L105 3. 0.433623| 


1072 
1073 
1074; 3-0310043, 


04113. 0174507; 
104213. 0178677 
1043'3.01 82843 
104.4.3.01 87005 
4.3214 [04513-0191 163 
[O043-0 EISH7 
.0056094 0483. paid we. 


1 443-0060379Þ 049 3-0207755 
101513.0064560R 050 3.02.11893 


L O77 
1078 
1079 
1080 
1081 
1082 


3.0342273; 


t 084/3.0350293 


3-0338257j1116|3 


3. 0346284! 1118 


3.9305 997, 11108 3. .0445399 


1109 3.044931 5| 


13.0461 048 


30472749 
3.0476642 
0480532 
.0484418 

0485301 


f —_ —— 


1117 


{I11 


1085 3.0354297j1120 


Num Logarithm | 


—  — ——— — —__—_——— } 


107113: -0297095; 1106 3, 9437551} 


1076|Z, 031812411 L1H 3 0457140 
303221571112 
3.0326188'1113(3.0464952 
3.0330214'1114 
3:0334437,1115 


3. 0468852) 


0492180) 


;Num Logerithm. 
1121 .0496056 
= .0499928 
112313.9503797 
01243. 0507663 
1125'3.05 O5F11525 
11263. 3.051538 

112713.051 9235 

1124/3.0523091 
11293» 052693%C 
1130/3.0530784| 1 


1131|3.0 05 34620 
113213.0538454 
11333 0542299 
1134 3- 0545130 
(1135/3. 0549959 
1113613. 30553783 
[1137 3.0557604 
111383. O561423 
11393-0565237 
1 140.3. 0569048 


CLOS | rr noni  —— en——— 
— 


[141]3- 0572856 
þ 142 3- 0576661 
1143/3.0580462 
1144 3- 0584260 
1145/3-05 0588055 
11463: 3-0591846 
1147}3- 0595634 
11483. 2599419 
11149 3.060320 
| 150,3.0606978 
Iny1 3.0610753 


Num 


1157j3-0633333 
[15813. 0637085 
1159/3.0640834 


115213.0614525 
11538- .0618293 


OD — ——_ = ——— 


I 156 3.0529579 


CHILIAS x 
Logarithm. Num n] Logarithm. :N Num| Log Logariehn. 


1191 3. 0759118. 1226 3.0884 905 
1 1 9213, 0762762 (1227 3.0588446 
[193[3.0766404 12286, 0891 984 
t 19413.0770043/1229]3.089551 9 


1160 3; :064.4.550, 
(1G 3.0648322' 
[162 3.0652061 
1163 3.0655797 
{164 3.06595 30 
[165 3. 0663259 
1166 3. 0666985 
1167 3.067070S 
1168 3,0674428 


11193.,0678145 
1170 3. 0681859 


1171.3.0685569 
1172 3.0689276, 
1173 3.0692 980 
[174 3.0696681: 
1175 30700379, 
1176 3.07 0704073. 
1177 3.0707765 
1178 3.0711453, 
[179 3. 0715135; 
1180 3 3.0718820,12 


1181 3. 3.0722499: 
1182 3 


119513.07 0773679, 1230/3, 3.989905 1| 
I 1 96 73. 0777312 'I 23113, ane Sh 
1197 13.0780941 1232 3+ -0900197| 
119813, 0784568 1233" 3-090963Z1 
119913. 97851921234 3+ UAEISE 
1 2093.6 0791812" 1235,3-091666g 
120113. 0795430, 12.36{3,05 0920185 
1202,3.0799045 1237: 13.0923656 
1203 3. 0802656, 1238/3. 0927206] 
1204's, .0806265 1239'3.0930712; 
1205 3.0809870 Lp 093421 17] 
1206'3,0 0813473 12413-0937 237718! 
120713. 08170731242; 3+ 0941216 
1208'3, 0820669 12443. 0944711. 
I20g 3, 0824263, 1244/3.094S204|. 
12103. 0827854 1245]3.0951693] 
1211: :3.0831441 124613. 0955180} 
1212'3, 0835026, 124713.0958664. 
1213 3, 0838608} 1 24813. 0962146; 
1214 3. 0842187, 1249/3. 0965624; 
1215 3, 3.0845763 1250/3.05 .0969100; 
1216 3. 3.08493 36 1251013. 30972573) 


.0726175}1217 3, 0852906 1252{3.0976043 


1183 4 072984711218 3,0856473 125313.097951 1) 


[1184 3.0733517] 
1185 3.0737183! 


— 


1186 3. 0740847; 
[187 3. 0744507 


t18$ 3. 074816411223-3.0874264 125813. 0996806}. 


1154'3.0622058 1189 3.0751818 
'11 5513. 0625820 1190 3.0755470 


| 
| 
| 
| 


1219 3,0860037 1254\3.0982975 
1220 3,0863598 125513.0986437 

1221, 3.0867156 1256{3. .og8g8g6| 
1222 3.0870712 125713.0993353| 


PR2gs: 087781 4.125913. 10002 57] 
1225 3.0881 361 1260|3. 1003705 


CHILIAS Þ 


Num 


p 


1268, 


1282 
1233 
1284. 
1285 


1287 
1288 
1289 
1290 
1291 
1292 
1293 
11294 
1295 


1261/3, 1007151 
1262/3.1010593 
1263[3.1014033 
12643, 1017471,1299{3- 1136091} [1334 3+ 1251559 
3. 3:11 39433 1353-1 1254913 
3-1142773113363-1258064 
1337 3+ 1261314 


3 3-1156105 1340,3-12 1271048, 1375/31 383027 
1159432]13413- 1274288! [1376}3- 1 386184 
1162756;1342/3.1277525/1377'3- 1389334 
.1166077;1 343]: 1280760 1 3783+ 1392492 
.1169396} [1344/3- 1283993'1379 31395643 
1172713 1345,3-12 1287223] 13803.1 1395791 
1176027. 1 346|3- 1290450, 1381 3.1401 937 
1179338, 1347 3-129367 $1 382! 3.1405080 


| 


11286! 


on Lager 


12653, 1020905 1300 
1266(3.10 1024337 1301 
1267,3.1027766 1302 
(3-1031192 1303 
1269 3. 1034616 1304 
1270/3, 1035037 1305 
I27113. 1041455. 1306 
1272/3, ,1044371|1.307 
12733, 1048284 1308 
1274 3. 1051694. 1309 
1275/3-105F102;1310 
1276.3. 3.1058507 
1277.3. 1.061909, 1312 
1278 3. 1065308, 
12993. .1068705| 
1280.3, 3-10721091315/3.11 


1281 3.1075491 1316 3. 1192559 1351 


| 
| 


3.1078880, 
3.-1082266 
3.1085650 
3. 1089031! 
3-1092410/132) 
3.1095785, 
3-1099159| 
3-1102529! 
3, 3-1105897, 
3. 3-1109262 
3.1112625 
3.1115985 
3.1119343] 
3.-1122698; 


EE 


(Num)To Logarithm.| [Num 1 Logarithm. 


12963. 3-1126050,1 33113. 1241780 
[2973+ LEAR TSIT, 3-1245942 
129813, 11327471333 [3.1248301 


3. 1145110 
3-1149444'1338, 
3+ 1152776,1339 


3. 


3 
3 
3 
3. 
131113 
3 
3.1182647; 1348; 
3:1 185954) 1349 
1189257; ;1350 


1313 
1314 


1317'3.1195858 1352 
[318'3. 11991541353 
1319/3, 1202448,1354 
I 320 3. 3.12053739 1355 
1321.3. 3.1209028 1356 
1322 3.1212314 1357 
132.3 3-1215598 1358 
132 4 3+ 1218880 1359 
1325 3. 3-1222159 1360 
1326 3, 1225435; 1361 
1327.3 1228709 1362 
1328'3.1231981 1363 
1329;3.1235250 1 364 
1330/3.1238516 1365 


| 


3-1294501 
3.126706 


3. 1296899! 
3-1300119, 
3. 1303338] 
3. 1306553 
3.1309767; 
31312978. 
3.1316187! 
3. 3-1319393 
3+ 1322597 
3-1325798 


Num; Logarithm, 

[1 366! 3-1 354507 
1367'3-1357685 
1368 3-13609501 
[309 3-1 304 J34 
(370, 3. 3.1 367206 
1371/3- 1370374 
1 372 31373541 
1 373/3+1374795 


l 3743+ 1379867 


1383|3.1405222 
'13843.1411361 
1335 3.141449 
11 386/3.1417632 
{1387 3.1420765 
1388 3.1423895 
1389 3.1427022 
13903. 31430148 
[1391/3-1433271 
1392 31436392 


3.1328998\1 393 3-1439511 


3-1332195 
3.1335389 
3.1338581 
3.1341771 
3-1344958 


1394 31442628 
1395 3:1445742 
1396 3.1448854 
1397 3-1451 964 
1398 3.1455071 
1399 3-1458177 


3-134$1 44; 
3-1351326 


1400 3.1461280 


-- 


Nom Logerihm: 
1401 3: 1464381 
1492/3-1 457480 
1403'3-1470577 


1405[3-147985 3 
1407]3-148294 

1408/3*1 4860925 
14993-14591 19 
t410 3.149219 

141113-1495279 
1412/3.1498347 
1413(3.1501 422 
1414/3-150449+ 
1415/3-159750+ 
141613-1.5.100 32 
141731513698 
1418 3.1516762 
1419 3-1519824 
14203.1522883 
114213-1525941 
1422/3-1525996 
1423/3-1532049 
1424;3-1 535100 
14253:1 538145 
14263.1541195 
14273-1544240 
1425/3.1 $4728? 
14293-155032 


14943147367! | 
1495/3 1475793] 


1430/3-135336cf 


CHILLING” 


441] 


[ 456 
1457 


(4.53 


I 43213-15594 
1433]3:1 56> <* 
1434,3:1J6 ©: 


1435/3-156 


143113:155639gft. 


.#F 
'SE 
os, | 


6! 
—] 


= 


i 


14558 3. 
1459 3- 
1460 Z. 


(4043-16541 111499 


——— —— —— 


3-1661340 15O1 


Logarithm.-Num 
01571544 1471 


5[3.1574568 1472 


3-15775391473 


——  G.—RO OG: RG 


' 445 3.16016383 1 451 be v3.3 wh 
' 447 3. 1604685 1482 31708482 

1448 3.:607686 1453 3-17114m1 
1 449 3-1610684 1454 3-1714339, 
1450 3-161 3680 1455 3-1717264'1 520 
(4Fl 3-1616674 1486 3,1720188}1521 
1452 3.161 9666 1487 3.17231 TOt522 
1453 3.1622656 1488 3.1726029;1523 
1454 3.16256 44 1489-3.1725894711 524431839850 
1455 3.1628630.1490 3.1731863\152513.1822698 
1734776|1 526[3.1835545 
1737688|1 52 3:1838390j 


3. 
3. 


3.1652 4-43; 1 498 
3-1558376150O 
3.1664301}1502 


3. 1667260 1 FO3 
$.1670218 150 


1631614 1491; 
1634595 1492. 
1637575;1493, 
16405531494 
1643525 1495] 
[461 3.4646502 149613.1749316 
1462 3.1649474 1497 


3-1673173 15O5 


Logaruthm. Nt 
3.16761271 5O6 


3-1679078| 507 
3-1682027] 


\Num 


3.1586640 1476 3-16908631t51 11 
442 3.1 589653 1477 3.1693805 1512 3.1795515 
' 443 3-1 592663 1473 3-1696744 1513 '3.1795359 
444 3.1 595672 1479 3-16999532115 14 3.101259 
445 3.1598578 1450 3-1792617 


—— 


7516 


1518 


3. 
3s. 
1740599 
3.1743506 
3.1746412 


1 F2 


"\ 
4 * 


153! 
3.1752218|1532 


317551151533 
3.1758016|1 534] 


3.1760913/1535 
3.1763807 1536 
3.1766699 1537 
3.17695901 535 
3-1772478 1539 


1 508{3 
3.1580503 1474 3-1684975{1 509 
3.1583625 1475 3-1687920[1510.3.1789769 


Logeritbme, 
3.1778259 
2.1781 132 


3.1786892 


] 


3.17 926.45 


_— - — ——— 


3.1 806992 


1517 331809852! 


3.1812718 


15193.1815573 
3-1813436 


1821292 


3.124146 
3.1826 999 


3.1841233 
3-1844075 
2.1896914 


3.1863912 
3.1866739 
3.1869563 
3.1872366 


3.1775395 1540 


2} 


1784013] 


1515 3-1804126}! 


_— 


31875207! 


b 


"4 


CHILIAS »- 


"ham 
O26 
1$880844'1 577 
$83659|1575 
3.188647311 579 
1 545|3.1889285]1 592 
1546|3.1392095 1581 


Lager 
3.1878 


154713-1894993]159%2 


813.189779 1533 
3.1900514|1 58413-1997552 1619 3.209246 
3.1903317 15851]3-2009293 1620 3.2095150 


155413-191451911599 
1555]3-1917394]1592 


Lag 
[3-197 $562,161 3.207095 
3.19783171612 3-2073650(1047 3.2165 936 

1613 3-2076344 
111614 3-207903)J 164913.2172206 
5 3-2081725]1252 


3.1981070 
3.198332 
3.1986571j161 


3.1989319 


3.1906118 1586 
3.1908917]15 
155313-1911714|15 


—— __——————_——— 
Logarithm.\Num Logarithm. = Logaruthm. | 


3.2003032j1621 13, 2097830 1656'3.21 90603 
$713.200576 1622\3,2100508[1657|3-2193225 
$813.2008505 1623'3.2103185j1658,3.2195845 
8 3201123911624/3.2105860,1659 3-21 98464 


— — 


3.201397111625 3-21 


_— — 


.1 9200 


9611591 3.2016702 


1616 3.2084414]1651 
8213.1 9920651(1617 3:2087100 165213.2180100 
3.1 994809 1618 3.2089735 1653\3.2182729 


85 34 1660 3.22010 
1626'3.2111205j1 


164613.2164290 
164813.2169572 


32174939 
3.2177471 


811654/3-2155355 
l1655/3.2187980 


81 
661 3.2203696 


.1 92288611 59213-20194 31 1627 3.2113876,1662 3.2206310 


t 55813.1 92567411593 3.2022158|1628 3.2116544|1 
1559 3.1928461|1 594;3-2024903 1629 3.2119211 1664 3.2211533 
156013.1931246j1595 32027607 1630 3.2121876|1665 3-2214142 


663 3.22083921 


3.1934029/! 596|3.2030329]163 113.2 124540/1666'3.2216750 


3.1936810 1597;3-2033049 +0 art 1667 3.2219356 


3.1939599/} 
15643-1942 
1565131945143 
1566131947917; 
3.1950690O,1 
11 568]3.195346 
15693-1956 
15793-1958 
1571|3-1 96176 
1572 3-1 964525 160 


174 3-1970047[1609,3 
1575 3-1 97280611610/3.2068259/1645 3.2161659 


$:3.203576811633 
599/3-2038485 163413.21325 
1600/3.2041200 
\1601'3-204391 311636 3:2137833|1671;3-2229764 
602 3.2046625 1637 32140487) 
01603'3-2049335j163Þ 3-2143139{1673/3-223495 
1639]3-2145789[1674 
321454351673 
3:21510861167613-224274 


1604 3-2052044 
99611605 3:29547 591040 
2 1606 3.205745 511041 
7.3.20601 59.1642 3.21 $373211677 
1 $73/3-1 967207 1608'3.2062869 1643]3-21 5637611678 3.224792 
20655691644 jar ggor reno nn, 


3.2129862/1668 3.222 1 960 


2111669 3.2224563 


1635 3.2135178{1670 3.2227105 


HC r——_— 


1672/3.2232363 


3.2237553 
3.224914 


3-2245331 


1680(3.225 3093 


eee 


CHILIA 


S 3, 


ogarithm., 
3.225567" 
3.225826C 
3.22608 41 
3.2263421 
1685|3.2265995 

3. 3-2268576 
3-2271151 
362273724 
3.22762 96 
3-2278867 


Num wm Logarithrs. 


(716}3.2345173 
[717}3-2347793 
£71 81342 350232 
171.93- -2352759,1754 
172013. 3.2355284 1755 
1721/3.2357809 17563 
172213.2360331 1757 
1723/3. 2362853 1758 
1724 3. 23653731759 


= ba 


1751 
1752 


1691/3, 2281436] 
1692'3.2284004' 
169313. 2286570. 


1696(3.-2294258 
1697 3.2296818 
1698 3.2299377 
11699 3.2301 934 
(1700 3-2 2304489|1 
1701/3. 2307043; 
[1702 3. 2309596 
1703'3.2312146 
1704 3.2314696 
1795 3:2317244]17 
1706 3.231 9790 
1707 3. 2322335 


1170813. 2324879 
[170932327421 
11710/3.2329961 
1711]3-233250C 
[171213.2335038 
171 3(3+-2337574 
17143-23401 0% 


1171513-2342644 


1725\3.2367891,1760| 
Sen we 2370408 1761 
I727;3. 2372923 1762 
1723/3. 2375437 1763 


1694 3. 22891 34/1729/3- 2377989. 17643: 2464.98 
1695'3. 2291697/1730/3-2 2380561! 1765/3-2. 2467447 


173113. 3.238247111766| 
1732/3.2385479 1767 
1733/3: 2387986\1768]3 
17343: -239049111769 


Num Logarithm, 


1753}3- 


o 


3.244771 


243781 
«24402 


Num £ ogaritom. 


3-2432861|1786 3.251881 5 
3-2435341 1737 3. 2521246 


17883. <p> 
17893.2526103| 


þ- 244277111790 3, 3.2528530, 


3.2445245jl17913.; 2530956; 


3.2450189 
3-2452658 
32455127 
3-2457593 


3.24600F9 


6 


3.2462523 


3-2469907 
3-2472365 

2474823 
3-2477278 
3-2479733 


1735.3: 3-2392995/1770 
1736, 3-2395497,1771 
1737 3-2397998/1772 
1738 3, -2490498,1773 
1739/3-2402996,1774 
1 749,3-249549211775 
1741/3. 24079881776 
L742! 3-2410481 1777 
1743/3-2412974\1 77813. 
1744 3-2415465, 177913 


1746/3. 2420442/1981 
1747/3-2422929)1 7823 
1748/3. 225413 1783 
1749]3-2427898{17 


3-2482186 


3:2484636 
3+ 2487087] 
3.2489536 
3-2491 984/18 
3-2494430181113.2579184 
3-2496874/181 213, wo 


1745/3 -2417954/178013.2 504 


:2509077,18r 
3-2511513/181 


3.251 3948] 


79013. 2 4g0xbl178 


[= 


| 


1792 3.2533380 
1793 3.253580g| 
1794 3-2538224 
1795 3-2549645 
1796 3.2543063 
1797 3-2545481 
31r7983.2547897 
1799/3. 2550312 
+8003.2552725 
1801]3.2 2555137 
19023. 2557548 
1803 2559957 
1804/3.2562365 
1805/3.2564772 
1806/3.2 2567177 
1807/3.2569582 
813. 2970904 


1 808$' 
180g} 2574386 
04.2576786 


181 


OC WELLAS -$; 


3-2603O99 
3-2605484 
3. 2607867 
3, 32610246 

.2612629 
492 HR 2515008} 
[11827 3.2517385 
1828 3, 261 $762 
11829 3.2622137 
18303. 2624511 
1$31'3.262688z 


1833 3.2631625 
$34 3.2633993 
11835 3.263636 1} 
11836 3:2638727 
[1937 3. 264-1092 
he +4: 3-2643455 
1839 3.2645817 
[1.8, 840 3.264$178 
[1841 3+ .2650538 
1842 3.2652896 
:343 3-2655253 
1844 3-2657609 
1845; {3,265 9964 


1832 3 93. ey ng 


1858]3.2590457 


| 85 9Þ- 2692794 
i 86 3-2695129 


180103 
1 852 
13863 
1 864 
1865 


185613 


i 869/3. 2716093 


1872 
1873 


1846: 3-26 2662317 


[3.2676410 
bo 3.267875 4 


3.266466 9 
3:2667020 
3-266 9369 
3-26717 17 
3-26774064 


— — 


1 8863; 2275541719. 
| $8713-2757719|1 922 
i $88813.25760020 


3.268 £09711 88 
3Þ3- 2683439h89 


3-25 97464, 
3.26997 97| 
32702128, 


3-270445911899]3. 


[ 3-27007 R$; 


2709116; 
1 $8673-2711 443 
186813. 2713769 


Logarithm. [Nu Logarithm. Num 
($5513.2685780|1891 
(857]3.265811 


t 892 
1V93 


1 8943-27 73800} 


[895 
1396 


$97 
1598 


| 909;3 
L 901 

1 902 
| 903 
| 994 


TEES 
3.276691 5 
3.2769211 
3-2771506 


342776092 
3.2778383 

2780543 
2782762 
2785250 
.2783536 
3.2789821 
3.2792195 
(3-2794358 


wy VWs WW 


3.2796669 1939 
1870.3. 3-2718416, 190513, 3-27 98950, 1940 


1871] 


|Num' 
1926] 
1927, 
1928 
1929 
1930 
'1 931 
1932] 
1 933 
19343 
1935 


— — 


1936 
1 937 
1938 


3.2720738|1 906|3.2801229 1941 
3. 2723058 1 907 [3.2803507 1942 
3-2725378,1 90d 32805704 1943 
1874'3- .2727696, 1909 3.2808059 194413, 2886963! 
1875 3-2730013 1910,3 3-2810034 1945 
1876 3.3 23732 32328 1911 3. 3.2812607 1945 
1877:3-2734643,1 91213. 2814879 1 947 
1978.3. -2736956, 1913 3-2817150, 1948 


.2823955' 


1917 
»91 813. 


192113 


1 92.313 


3-2762320 


23276461 511925 


1 92413.2842051 


18793. 2739268: 119143. 2819419 1949 
18803. 3-27415781915/3.28 2821688. 1950 
188113. 27438881 916/3 
1 88213. 2746196] 
1383/3. 2745503 
1 884/3-2750809 1 91913.2830750 
188 32753113 {1920 


195113 


3.282622 111 952 


1953 
1954 


3. 3.2833012/1955 
32835274194 
3-2837534 


1957 


11958 
['95s 
3:2844307 


1,96 


1'956 


'Logarithm, 

3.2846 563 
3.2848817 
3.-2851070 
3.2853522 
3-2855573 
3+ 3.2857823 


3.286007 1 
3.9862 31g; 
.2864565 
3.2866819 
3.2869054 
3.2871296 
3-2873538 
3.2875778 
3.2878017 
3.2880255 
Z.2892.492, 
3.2884728, 


3-20 28891 96| 
"N 32891928 
32893659 
3.2895889 
3:2898118, 
3.2900346 

3-2902573| 
3.2904798 
3.2 907022] 
3. -2909246| 
3.291 1468 


— 


3-2913688 


3.291 5908 
3.2918127 


_— 
3,29225J6l 


”— > yn 


CHILIAS 3. 


pn ems. An 


Nam Lagos. Yam Lagibe. ron Cen NUTT 
FT | 


3.292477C 1 99613. 3001605120313. 397708 2066|3.3131 303 
1 962| 3.292699] 997 3.300371 2032 3.3979237 2057;3-31 53495; 
r963\3.2929203[1 998/3.3005955 2033(3-3081 374 2068/3.3155505 
1964'3-2931415 1999 3.3908128 203 3.3083 509120693.3157603 
1 965 3.293362612000 3.30103002035/3-3985644/20703.31 59793 


—— _ ——_——_—_—_—_—_ C—  ——  ————— 


[1 966 3.2935835/2001[3.3012471 203613-308777 2071/3.3161801| 
11967 3.293804 1 2002 3.3014641 2037 $-J0FSTG SOR 3.3163897 
11968 3.29402 F1|2003 3. 3016809 2038{3-309204212073'3.3165993| 
11969 3.2942457/2004'3.301 8977 2039]3-3994172120743.3168087| 
11970 3-2944662 2005'3.3021 1 44 20403-3096 302 2075 3-31 701 $1] 


= — — — ———— —— OO O— 


1971 3.2946566 2006/3. 3023309 2041 3-399843%2076.3-3172273| 
1972 3.2949069 2007'3.3025474 2042[3-31005 57[2077 3-3174365 
1973 3.2941 571,2008'3.3027637 2043/3-3102684/2078 3.3176455 
1974 3.2953471/2009 3.3029799 2044/3-310480920793.3178545 
'1975 3-2955671,2910'3.3031961 2045{3-3196933/2050 3.310633 
11976 3.2957869201 t/3-3034121 2046 3-310g05 2081 '3.3182721 
1 977 3.2 960067 2012/3. 3036280 20473-3111 1782082 3.3184507, 
1978 3.2962263201 3 3.3038438 2048/3-31 132992083 3.3186893| 
1979 3.29644582014 3.3040595 204913-31 154202084 3.31 88977, 
1 980 3.2966652/201 5'3.3042751 2050 3-31 175392085 3.319106! 


1 982'3.2971036[2017 3» 3047059 2052,3+3 121774 2037 3.31 95224; 
1 983'3.2973227[2018 3.3049212 2093/3-31 23889 20883. 3197305; 
1984 3.2975417[20193.30513632054(3-3126004 2089 3.31 99384 
1985 3.2977605]2020 3.3053514 205 5[3-31 28118 2990 3.3201 463] 
1 986] 3.29797 92}20213.305 5663/2056[F-31 30231 2091(3.3203 549, 

1 9873-2981 975 2022'3.3057812/20571}3-31 32343 Ms ye. 
1988|3.2984164[2023'3.3959959 2053(3-31 34454 2093]3-3207692 
198913.298634t[2024/3.3062105'/205g{3.31 36563 2094/3. 3209767 

19993-29885 31]2025/3.3064250 20603-3138672, 20953-3211840 
1 99113.299071 5[2026|3.3066 3 94/2061 3.3140750 2096 3-3213913 
!1 992 3.299289:|:7,3.306853712062(3.3142887 2097[3.3215584 
(1993[3-299507* :028|3.3070679(2063[3.3144992/2098[3.3218055 
{1 994[3-299725 [2029 3-3072820/206413-3147097 2099]3-3220124 
'r00513.299942 £[203013.3074960,2065'3.3149200/21003.3222193 
; D d 2 


| 


pou 


104] 


CHILIAS ;. 


3.322426 
3.3226 J27 
3-3228393 
3.32 30457 
210513 33232521 
210513.32345834 
2107(3.32 36645 
2 10813. 3238708 
brogh3, 3240766 
2110 3.32 3242925 
ZL1I3. 3. 3244882 
2112 3. 3246939 
2113'3.3248995 
2114 3.3251050 
2115 3.3253104 
2116 3.3255157Þ151 
2117 3.3257209 
2118 3.3259260 
2119.3, 3261310{ 
2120 3.3263359 
2121|3, .3265407 
2122/3.3267454 
21233. 3269500 
2124'3.3271545 
2125'3.3273589 
2126|3.3275633 
212743-3277675 
2128 3.3279716 
2129 3-3281757 


— 


I Ol 


po Logaruthm. 


2103 


213243.3287872 


2133[3-328990g 


21 34} 3-3291 944 


q 


21351.3293979 


NumLogarithm.[Num| Logar 


2136 
2137 
2138 


21 39 
2140 


[42 
L143 
2144 


3.329601212171 
3.3298045j2172 
3-33000772173 
3.3302108'2174 
3-3394133217513.33 
214113. 3305167:2175 


3.3366598|2206 
3. 3368598 2207 
3.3370597|2208 


3. 3-3376589' 2211 


3-330V195 2177/3. 3375584 2212 
3. 331022221783. 3380579 2213 
3. 3312248 2179/3. 3382572 221413 


214513-33142732180 3.3384565'2215 


2147 
2148 
21.4.9 


2145-33 


2152 
2153 
2154 


213013+3293796 
213113-3285834 


2158 | 
2159, 


2161 


216513-3354579 
16613.3356585/2201 
216713-3358589 
2168 7 anos 


= 


(3-33499142193 
3, $3342526]21 94 
2160/3.33 3344537;2195 
3-3345548/21 96 
216213, 33435572197 
21633.33595652198 


2202 


33162972181 3. 3386557 2216 
3. 33183202182 3-3338547 221 7$3.3457657 
3-3320343; 2183 3-3390537 2218 
3-3322364/2184/3.3392526 2219 
2150/3. -33243852185]3.: 3394514 2220}3 

t 5113. 33264042186; 
3.3328423/2187 
3. 33304402188 
333324572189 3.3402455,222413.3471 348 
3359/21 5513- 33344732190 
2156|3.3336488/21 9113. 
21573. 3335501 


[3+ $3396501/2221 
(3-3398488 22.22 


3. 3400473 2223 


3-3494441 2225 


3. 3406424 2226 3.3475252 


3.34938405;2227|3 


3.3416523\2231 


3-3428173 


205 


3-34340986 


umſ Logarithr, f Num! Num [Logarithm, | = 


3-33725995! [2209]3, 3441957 
513+3374593; 2210/3. 3443923) 


4-3410386 2228[3.3479152 
3-3412366,222913.3481101 
3-3414345! 2230]3- 343304 


3. 34183012332 3-3486942 
| 3-34202771223313.3 488887 
216413.3352572219913.3422252[2234[3.3490832 
220013. 3424227]2235 363492775 
3. 3426200122 3613.349471 
2237 
3-3430145j22 3813. 3498601 
mary 3-3362505[229413.3432116 22.391]3- 3500541 
2170 3.3364597 


3. 343605 
3.343802 3 
3:3439991|, 


3-3445887| 
3+ 3447851, 
3.344981 4 
+3451776f 
3-3453737 
3-3455698 


2.3459015 
3-3461573 
3-3463530 
3.3465486 
33467441 
3-3469395 


3-3473309 


3-3477202 


3-34849 


3.349666 


2240 3.3502480] 


Nam Logarithm. 
=. 3+ EF 
242 3+ 3595356 
22433-3593293 
2244 3-3510228 
2245 3 3512103 
2245 33514038 
2247 3351603) 
2248 3.3517953 
22493-3519995 
22503-35 3521825 
2254 33523735 
2252 3.3525654+ 
(2253 3.3527013]2 
2254 3-3529539 
2255 3-4531495 
2256 3.353339! 
22.57 3- 3535316 
2258 3.3537239 
[22593- 3539162 
22603, 3541084 
226113-3 $3 543006 
22623.3544-926 
2263|3-3546846 
2264'3-3548764 
2265[3-35506B2123 
226613-3552599 
226713-3554515 
226813.3556430 
22693.3558345 
22798: 33560259 
2271 3.3592171 
227213. 3564083 
22903 


3.3567905 


3. 3565994] 


_—. on 


288 3.3594560 
2289 3.3595458 
2290 3.3593355 
2291 3. 3.3600251 
2292 3.36021 46 
2293 3+ 36040.41 
2294 3.3605934 
2295 3. 3607827 


22.99 
2300 
2301 
2302 


p.: 3617278 

.3619166 
3.3621053'2 
2303[3-3622939 
23043. 3.352482 5 
23053-36267092340 
230613.3628593 
230713. 3604476 
2308(3.3632g58 


CHILIAS'7. 


Nam Logareth mn.” Nun Logarithm. Num, 


— O— 


$122753.35717222311 
2277 3-35735302312 
22783.3575537 2313 
2279343577443 2314 
22303.35793432315 
2281 3. 3-3581253 2316] 
2282 3.3583156 2317 
12833.35385059 2318, 
1284 3.3585961 2319(3-3553007 2354 
2285 3.3588862 2320/3-3554930 2355 
1286 3.3590752 232113.3555751 2356 
22.87 3.3592652 2322| 3. 3658622 2357 


2296 3.36097192331 33675423 
2297 3.36116102332 3.3677 
2298 3.36135002333 3-3679147 2368 
3.36153902334'3- 3681005 2369 3.3745651 


5123p913-3634239 


2274 
275 3. 2569014 


2310 


3-36 361202345 3.370142 2 2380 


Logarith a .! 


—— —CS RO ——— 


3.3793250 
3-3705131 
3.3705981 
3.3708830! 


— — = 


« .3638929 2345 
33539878 2347 
33541755 2345 
3.3643633 2349 
3-3645519 235013-3710578, 
33647386 2351 3-37 12526} 
3-3949250 2352]3. 3714373 
3-3551134235313- 3716219 

3. -3718065| 
3-371 9909 


343721753 

3-3723599| 
2323 3.3660492 2358'3.3725438 
232 + 3+ 3662361 2359,3- 37272 79, 
2325 3-3664230 2 2360 3: 3729120) 
2329 3. 3.3666097 2361; '3. +37 30960! 
2327 3.3667964 2362 3.3732799} 
2328'3.3669830 2363'3.3734637 
2329 3.3671695 2364 3.3736475 
2339 3.36735592365 3.373831} 
2366 3.3740147 
285 2367 3.3741 983 
3. 3743817 


2335 3+ .3682869-2 2379 3:37 $3747493 
2336|3- $3683728/2371 3.3749316 

3373-3686 587, 2372'3.3751147 
2338/3. -3688445] 2373 3-3752977 
2 339/3-3690302 2374 3- 3754807 
2340 3-3692159 2375] 3-3756636 
2341 [3.369401 4/2376, 3. 3-3758464 
2342/3. 3695869 2377,3-37602.92] 
2343 3-3697723 23783-37621 18 
2344/3. 3699576 237913:3763944 
3-376576% 


23 2388) 
2389 
2350 
2391 
2392. 
2393 
2394 
2395 
2396 
2397 

'23$8 
2399 
[2.4 4 CG 


| 


2491) 
2402 


b 


|Logarithm, [Num 


3- 3767594/2416 
3. 3769418, 2417 
3-3771240/2 2418 
3+3 773062/2419 
3-3774884 2420 
3-3776704 2421 
3-3779524 2422 
3-3730343 2423 
3.3782161-2424/3 
3-3783979 2425 
3.3785796 2426 
3-3787612 242713 
3.3789427 2428 
3-3791241 2429 
3-3793055 2430 
3-3794868 24.31 
3.3796680 2432 
3.3793492 2433]3 
3. 3800302 2434 
3-50 3802112 2435 
3+ 3-3803922 2436 
3805730 2437 
Ep 3807538 2438 
3.3809345 2439 


3. 


513-3811151,2440 


3-3812956/2441 
3.381 4761 2442] 

3.3816565| 2443 
338183682444 
3.3820150'2445 


1]3- 3-3821 972/2445 


3.3823773,2447 
3-3825573/2448 
323827373(2449 
382917112450 


CHILIAS 3. 
n, Logarithm. 


Logarithm. Nur 
ns. 38309692451 
3.3832766 2452 
3-3534563 2453 
5 38363592454 
3-3838154 2455 
3.3839948 2456 
3-3841741 2457 
3-3843534 2458 
3845326 2459 
3-3847117 2460 
3 3.3848908 2461 
.3850698 2462 
3.3852487 2453 
3.3854275 2464 
3. 3856063 2465 


—— > OO uu—_ ——_——__  ———O— 


3.3557950 2466 
3-3859636 2.467 
3.3861421 2468 
3.3863206 2469 
13-3864990 2470 
3386677312471 
3.38685 55/2472 
3.3870337 2473 
Sn 0474 
3.3873898/2475 
3.3875678; 12.476 
3+3877457/2477 
3.387923512478 
3.3881c12/2475 
3.3882789/2480 
3:3884565/2481[3.3: 
3-3886340j2482 
3.3888114/2483 
3.388g98881248 


3-3893433 
3. 3895205 
3.3896975 
3.3898746 
3-3999515 
3.3902284 
3.3904052 
3.39095819 
3-3907585 
3.39993J1 
3.3911116 
3.3912880 
3.3914644 
3. 3916407 
3.3918169 


3.3919931/2501'3, 3.3981137 


3.3921691 
3-3923452 
3.3925211 
3. 3.3926569 2 
3. 3.3928727 
339304852 
3-3932241 
3-3933997 
3-3935752 
3-3937506 
3-3939260 
3.3941013 
3-3942765 
3-3944517 
3.3946268 
3-39480186 
3-3949767 


Num 
248c 
2487 
2488 


Logarithm,' 


3+39JJOll 
3-3956758 
3-3958504 
2489]3.3960249 
24993-3960 1993 
2491'3-3963737 
2492 3.3$65480 
2493 3-3907223 


2496 3.3972446 
2497 339741 85 


2494 3-3968964 
2495 3:3970795 


2499 3, 3975924 
2499 3-3977662 
2 500 3.397 9400 


2502 3. 3982873 
2503 3- 3984608 
2504/3. 3986343 

2505/3. 3988077 
2506 3.398981 1 

507/3-3991 543 
'2508j3. 3993275 
'250y!3.3995005 
25 1013-: 3996737 
151113.3998467 
21213-40001 96 
25131.4001925 
251413-4003653 
251513-4005380 
2516[3.4007106 
251713.4008832 
251813.4010557 


3-39F1FIG6 


3-3953264 


251 $13.4012282 
252013.401 4005 


33891661 2485 


Fam, Lagericbm. [Num 


40157286 
401745! 


1526/3. 3.4024333 
25 2713. 4026052 


2531[3-4932921 

2532 3- 4034637 

2533/3-4936352 
2534 3: 4935056 
2535 3-493970C 
2536 ,3-4941492 
125373: 4043205 
'25383.4044916 
12539 3-4046027 
2 540 3-4948337 
254113.4050047 
[2542 3. 4051755 
12543 3-495 3463 
2544 3-405 5171 
2545 3-4956878 
25463. 4058584 
2547 3-406028g 
2548 3. pond 
2549 3-496369 


255034 «406 5402 
2551 3-4967105 
25 52,3-4068807 
25 53 3-4970508 


2582 
25383 


2588 


25563. 
2557 
2558 


3Þ-55», 


34977307 
3-497 9995 
3.490070 32 534 


CHILIAS 4 


- = 
"— 


| 


— ——  ——_—_— 


— 
dajonned 


4 


26155 4192 947, 
592 3+ 4136350 2627 3-41 $4901 
593(3.41 38025 2528 -3.41 99254 
3-41 39702 2629 3.41 97909 


25503. +4082.490, 25 95 3-411 374 2630 3, 4199557 


285JO1l 


3+ 49340952 


71]: $63 3.4957 435.2598, 3.4146391 2633 3.420480; 
2554 3. 49391802599'3. 4148063 2634 3.42065158 
52565 3-4299$74 2509 3.4149733 2635 3-42 27805] 
2566 3.4092567 260i |3. 415i 404 2536 3.42094 

25607 3.4994259 2602}3.4153073 2637 3-4211101 
2568 3.4995 950 2603 3.4154742 2638 3.4212748 


25093.4097641 2604 3.41564102639 3.42143 94 


—_— OS NV — 


— — =—__———  —_—— 


25763. 4109459261143 .416806g, 


2577/3-41111442612/3.4169732 
.411282926134{3.4171394 


2578, 
2579 
2580 
2581 


3.4114513 261 


3-4119562 2617; 


2584 


2585/3, 4124605 2630 
2586.4 4126285 2621 
25833:4127964 2622 

(3+ +412 9642 12623 


2554 3-4072209 
2555-3: 4973909 


2589.3. 41313202624 


2590 


3.4v212442618 
3.4122925 2619 


3. 41 32.998 R625 


3. 41161972615 3-4174717 
3.41173802616 3Z\ 4176377 


513-419129312 


3-417305 


3.4178037 
3.41796960| 
3-4181355 
3.413013 
3.41 84670 
3.4186327 

3-41 87983 
3.4189638 


| 


2579 3.4999331 2605 3.41 58078 2649 34216039 
2571 3.4101021 2606)3.41 59744/2641 3.421768. 
2572/3. 41027192607 Z. .4161410, 
2573/3-4104398 2608 3.4163076 
2574 3+ .4106085 2609, 3. 4164741] 
2575 3- 3.4107771 261013. 416640512645! 3-3224257 


26.42 3-421932d 


26443 422291 4 


3.422539? 
3-422753$ 
3.42291 8c 
3.423082c 
3:423245s 
3.423409" 
3-42-3573 
3-423737: 
3-423 900g 


3 
Ah 7 
2657[3.4243916 
265313.424555c< 
265913-424715. 


2646 
2647 
2645 
2649 
2650 
2651 
2652 
2653 
265 

2655 


| 


3.424064] 


5 96 3.41430947 2631 3. «4201208 
2562 3.49337 91 2597 3-41447192632 3.4202859} 


2643, 3.4220972] 


2660'3, 4248310 


| 


| 


2672 
2673] 
2674 
2675 
2676 
2677 
2678 


2680 


2681 
2682 
269313 
2684 
2685 
2686 
2687 
2688 
2689 
26699 
2691 
2692 
2693 
26 94 


12695 


marr 
3428458812717 
(2718 


4286207 
3.4287825 
3:4259442 
3.42 91 06O 
3.42 92677 
3-4294293 
3-42.95 908 
3:42.97 522 
3.42991 37 
3-4300751 
3-4302364 
3.4303976 


(2714 
3-4251348/2715 


2720 


m— — IEEE OD —— OO ——  —— 


2661/3.4250449/2596 343071992731 
[266213, 42520802697 3.4308809 2732 
2663'3.4253712/2698 3.4310419 2733; 
2664 3.4255342/2699 3.4312029 2734 3-4367985 
2665/3.4255972,2700 3.4313638273513-4369573 
2566(3.42 4258601. 2701 3. 4315246 27361344371 71161 
12667 3.4260230 2702 3.431685 273713. 4372748 
[2668/3. 4261858 2703 3.431 $460 273813.4374334 
2669 3. 42634836 2704 3.4320066 273913.4375920 
2670 3.4265113 $705 3 3.4321673 2749 3.4377 506|2 
1267113. 3.4266739, 2706 3.4323278/2741 
3. 4268365 2707 3.4324883'2742 
3-4269990 2708 3. 4326487 2743 
3. 4271614 2709'3. 43280902744 
342732382710, 12 
3.42 74861 2711 
3-4276484'2712 
3. .4278106!2713 
nd (4g 4279727 


2719 


2721 
2722 
2723 
2724 
2725 
2726 


o_ 


3-432% 
3+ 4331295 


3.433449d| 
3.4.336098 
3.4337698 


3.4339298 
3:4340896 
3-4342.4.94 
3-4.344092 
3:4345639 
3-4347285 
3.4348881 
3.4350476} 
3-43 52071 


CHILIAS z, 
Num Logarithm. Num, Logarithm. N um Logarithm. 


274513; 3-4385423' 2780 3- 4442445, 
274613.4387005/2781 3. 4442010 
3-43325697(2747|3.4388587 27$2/3.4443571 
2748/3.4390167, 2783; 


2749, 
2750 


2756; 

T7 
27A 
2759: 


34353665 
3.4355258 


2727 
2728 


2729 


3.4358 


3-4395588 


2730 


3-435685112762 


3.4360035[2764 
3.436162612765 


2760 


3113-4363217 
3.436407 
13-436639$0 


3-4379090 
3-4350674/ 


| 


Num 
576 
2767 
2768 
2709 


2770 
2771 


Logarithm, 


3-4418522 
3:4420092 
34421661 
3.442322 | 
34424799 | 
3-4426365 


| 


2772 
2773 
2774 


— 


2776 


2777%3+4435759 
3.4382258[277$3-4437322 
3-438384 12779 3-4438885 


(3-442 7932 
3-4429499 
3-4431065 


— — —— ——— 


3-4434195 


3-4391747; 
3+4393327 


3-4402792 
3.4404368 
3-4495943 
34407517 
3.44029091 


2761 


2763 


3-4410664 
3.4412237 
3.441380 

3-4415380 


3-4416951 


2784, 
12785 


275113-43 4394506/278613. 4449811 
2752/3.4396484\2787 3-4451370 
2753[3.4398062 2788/3. 4452928 
2754'3. 439963927893. -4454485 
275 513+ 3-4491216/2790/3-4456042 


2791 
2792 
2793 
2794 
2793 
2796 
2797 
2798 
2799 
2800 


34445132 
3-4445692 
3-44482 52 


13+ 4457598 
3-445915 
3.446070 
3.446226 
3.4463818 
3449539 
3-4456925 
3.4468477 
3.447002 
3:4471 580 


.CHTL 


- 


$ * 


IAS 


Num Logarithm. 
34473731 
344474631 
34476231 
3+447779C 
3.447932% 
3:4480877 
1280713, 4482424 
12808}z, 4483971 
2809/3. 4485517 
12810'3, 3-44$7063 
2$1 231 1]3. 3-4488608 
{812 3-4490153 
2813) 13-4491697 
28143.4493241 
281534494784 


© I _— —— 


Num Logarithm. Num, Logarithm. 'Nut 


—_— 2. 


2836'3.4527062(287113-45580332'2996 


Logarinom: 
{3 «4632956 


ol 


2837/3-432859312872/3-4581844/290713.4634450; 
2838/3.4530124\287313-4533356 2908/3.46 35 944' 
2339/3.4531654/2874/3-4354865 29093-4537437; 


2840 3.4533183}2875 344586378 29193. 463 4638930 


»841 3.453471 ———— 4587885 2911/3, «4640422 


2843 3+453776 
2844 3.4539296 
25.45:3-4549323 


—_  _}  _ OS CC" —_—_ 


2346 3.4542349 
2847 34543375 
2848 3.4545490 


2849 3.4546924 


2850 3.4548449 


(2816 3.4496326 
12817 3.4497868| 
28183, 4499410 
2819 3.450095 1 
2820.3. 3-4502491 


282113.4 4504031 


(2822 3.4505570 
[2823 3. 45071092858 3, 4560622 


2824 3. 4508647 2859'3, 4562142 
2825] 3. 3.4510184.2869'3, 4563660 
[282613-43 4F11721 2861/3. 4565179 
345132582862 
3. 4514794/2863] 
3.4516329/2864/3.4569730 
3-4517864j2865j3.4571246 
3-451 9399Þ 866}3:4572762 
3-452093A2867[3.4.574276 
3-4522466]286813.4575791 
3.4523998Þ86913.4577305 
3.45255311287013.4578819 


(2827 
2828 
2829 
2830 
2831 

832 
2833 
2834 
2835 


2851 3-4557582 


2854 3-4554540 


2852 3.4551495 
2853'3.4553018 


2855 3-4556061 


2578 
2879 
2880 
5G [304 
288213-4596940 
2883/3.4598446 
2884'3-4599953! 
2885[3-4 4601458 


3-4590908! 
3-4592417 
3-4593925 


2842 3.4536241|28y7/3+ 4589399 2912.3, 4641974 


2913 3-45 43495 
2914 3.4644895 
291 r5 3. 3.4646 386 


3. -4595433/2916'3. 3-4647875} 


2917 3-4649364 
2918 3.4650853 
29193. 4652341 
2920/3.4653828 


2886134: 4602963 
2887)3.460446g 


2888/3. 4605972/2923 3.4658288 
2389 3-4607475129243-4659775 
28903. 4608978 2925/3. 4661259 


2856/3. 3-4557582 
2857/3-4559102 


3.4566696, 
3.456213 


| 


2$OJ! 


2891! 
2892 
2893 
2894 
2895 
2896 
2897 
2898 
2899 
2900 
T5 
2.902 
2903 
2904 


34614985 
3.4516486 
3-4617986 
3-461 9485 
3.4620984. 
3.4622482 
3462395029 
3.4625477 
3.4626974 
3.4628470 
3-4629906 
3.4631461 


13.4610481[29263. 4662743 
3-4611983[.92713.4664227 
3-4613484|2928/3.4665711 


2930 


2933 
29343- 4674601 
2935'3- 3-4676081 
2936'3.4677560 
2 93713-467903 
2.938[3.465051 


2921/3. 4655316 
2922/3, 4656803 


9293-46671 94 


3. 4668676 


3-46701 58 
3:4671640 
3-4673120 


93c[3.46819 


2 9403.4683473 


E e 


CHILIAS 4. 


{Num} Logarithm. [Num Logersthm. [Num 
3.4634. 95 2.976] 


2945}3-4599853þ 
2 946{3.4692 327 
2947134593801 
294313. 4695275 
294913-46 96748 

2950/3 3:4698220 
2951/3.4699692 
2952344701163 
295313-4702634 
2954'3-4704105 
2955'3-4795575 
2.956; 34797044 
2957;3.4708513 
2958/3. 4709982 
2959 3.4711459 
2960 3-4712917 
2961] t(3.4714384 
296213.471 5852 
296313.4717317 
2964 3-4718782 
2.96 513.4720247 
296613.4721711 
2967[3.4723175 
296313.4724639 
296913.4726 102 
297013-4727564 
2:97 113.472.9027 


297313-4731949 
2974]3-4733410 


;[3.4687903[2978 
3.4639378]2 979 


2.980 
2981 
2982 
2983 


3.47363291j3911 
3-4737788|3912 
3+ 4739247, 3913, 
3.4749705(3014 
3:474216332 5 
3.4743620 z016 
3.4745076}391 7 
3.474653313018 


34787108 
3-4788550 
3-4739991 


2 98413. 5747988 
298513-474944313 


2 987 
2 988'3 
2989 
2.990. 
2991 
2 99213-4759616 
2993'3-4761067 
2994 3-4762518 
2995134: 476 396t 

2996/3. 3-4765418130; 
2.997;3-4766867 
2998/3. 4768316 
2 999'3.4769765 
3000/3-4771212 
yOOL 3. 3-4772660 


300213.4774107 


300313-4775553 
300 
3005 


3 4753806; 


Bol; 475525 
3-4756712 


34778445 


; 


2 986(3.4750898;3021 
$47$23 52/3022 


93924/3 


3. .4758164\3026 


3-4776999 


oOlg9 
020 


ZO23 


Num 
3046 
394713 
3048 
3-479143213949 
3 479287313950 
3-4794313(3051[3 
3-479 575 313952 
3-47971 9273053 
3.479863113054 
3.4800069"z3o05 5 
3.4601 5O7 3056[3 
3.4302945' 3057} 
3.4804381 3058 


Logarithm. 


3025, 


3027 
3028] 3 
3029 
3030 
ZO31 
303213 
3933 
3034 
3935 
3036 
3037 
3038 
3039 
3040 


2972[3.47304881z007 


3-47793890 


3006 
3-4781334 


3041 
3042 


o08 
3009 


3-4782778 


2975 3-4734870 


3-4784222 


301 0'3.4785665 


4805818 3059]; 
3.4807254'3060 


ID 
3.4837 
4838725 
3. 4240190 
3-48.41 574 
34842998 
3-4344422 
3-4845345 
34347268 
3-4848690 
3-48501 12 
e4851533 
3-4852954 
3-4854375 
3-4855795 
3.4857214 


3-4808689'3061 
3.4810124'3062 
.4811559'3063[3 
3 -4812993/3064/3 
3. 3.481442613065 


3.4858633 
3.4860052 
4861470 
3.4862888] - 
4864305 


3.481 5859 3066|3 

.4817292'3067 
3.4818724|3068 
3.48201 5613069 
3.4821 58713070 
3-4823018|3071 
3.482 444813072 
3.482537813073 
3-482730713074 
3-4$28736(3075]3 
3. 3-4830164 3076 
3.4831 592[3077[3 
3.483301913078 


bow 
3 


O 
04 


4.86 5721 
3.486713 

.486855 
3.486996 
3-4871304 38 
3.437279] 
3. 487421 
3.4875626 
3.4877039 

34878451 
4 


3.487 9863 
3.4 882686 


3-48344461307 
3-48358731308 


P 


.4881275 
.4884097 
3.4885507 


CHILIAS 4 


08113.4886917]311613.493597413 
311713.4937368 


fot um! Logarithm. 


08213.4388326 
13083/3.4889735 


[3084'3.4591 1443 11913-49401 54 
3120! 3-4941 941546(3155 3+ 3-4989994 


3085 3-4 4392552 


3086 3.4893959]312113.4942938 
3087 3.4895 366]3122:3.4944329 
3088 3.4896773]3123/3-4945720 
3089 3.489817933124 3-4947110 
3090 3.4899585/3125 34948500 
[3091 3. 3-49909903126 3.4949890 
(3092 3.4902 395,3127 3-4951279! 
3093 3.4993799.3128 3.4952667 3163/3. 5000992 
3094 3.4995203[3129,3-49549563 64/3. -$092365| 


[3095 34906607 
13096 3. 3.490800g 
{3097 3-4999412 
'30g98 3-4910914 
13099 3.491221 

hoe 34913017 
!3101 3.491 5018 
13102 3.4916418 
13103 3.4917818 
13104 3.4919217 


13105 3.494p616 


3 


Nu Logarithm, 


311813.4938761 


31303. 34955443 
3131/3-4956831 


3132 3-4958218 
3133 3. 495 9604 
3134'3-4960990 


3135, 3-4962375 
136 3.4963761 
3137,3-496 5145 


3138 3.4966529 
3139,3-4967913 
3142 3-4 496 92 96 


(3106 3.4922014 
[310713.4923413 
13108j3.4924810 
$10913.4926207 
31103.4927604 


3Tt1 3.492 9000 
(3112[3.4930396 

11313-4931791 
311413-4933186 
31 1513-4934 58c 


3149 
315 


3141j3-4970679 
3142, 3.4972062 
3 143(3-4973444 
31443-49742 5 
3145/3-4976206 


; 


Px um{ Logarithm. 
151]3- 3-49844534] 
3152[3-4985362 
315313-4987240 
3154{3-4988617 


3156(3-4991 370 
31 571}3-4992746 
3158j3-4994121 
31 59j3-49954.96 
31603-4: 4996871 


_ 
3186 
3187 
3188 
315g 
3190 
3191 
3192 
3193 
3194 
3195 


Logarithm, | 
3-5032458 
3.5933821 
3-5935183] 
3+5936545| 
3: 5937907! 
3-5939268; 
3.5040629 
3-5041 98g 
3-5943349! 
3- 5944799; 


3161(3-49982.45 
3162{3-499961 9 


| 


3.5046068 
3-5047426| 
3.504 5785 


3196 
9131 97 
3198 


3165/35 5003737 
3166'3- 3.5005109! 
3167,3.5006481 
3168; 3.5907852 
1693+ +» FOO9222 
3170 3-5010593 


3199 
3200 


3201| 
3202 
3203 
320413 

3205 


3-JOFO142} 
3-5051500, 
3.5052857, 
3.595421 3! 
3 +305 5569, 
+J056925| 
3.50958280 


317113.5JO1I 1962 
317213. FO1 3332 
317313-5014701 
3174,3-5916069 
3175}3-5017437 


3206 
3307 
3208 
3209 
3210 


3.5059635| 
3. 5060990. 
3.5062 344, 
3.5063697 
3. 5065090 


317613.501 8805 


1321113 
319713-5020172}3212 
1783. $O21539 3213 
317913. 5022905! 321 


«5066403 
3-5967755} 
3+ 50691097, 
[3+ 5070459. 


| 


3180/3. $024271]3215 3. 3-5971810, 


3146/3.4977587 
31 4713-4978967 


3143]3.4980347 
3-4981727 
-'y 4983106 


3181/3.5025637 3216 
3182[3.5027001{321 


318313. 5028366 321 
3184j3.50297311321 
3185'3. 5031094 322 


3-5973160 
3.5974511 
3. 5075860, 
3-5977210 


3:50793 58 


Ee 2 


CAILIA 


+ 


Nam 


3291 
3292 


'Cogarithmn. 


—_ — ——— 


3.5126844 
na to, F128178 
3258/3. Fi295t1 
3259/3-5130844 


[Num Legerioe. 
1.507 2997 
*13.5051255 

;. 5032 2603 
3.50 33950 

3.50552 97 
3. 5985644 
3-50879993 


35989335 
3.5090580 


| 


3262; 
3263 
326 


3.5134849,3297 
Arete 4 95 
299 


g| 


| 
| 


#$3.5137501}3 


mn | 
-—_ 


) © == On thn +- 


| 
[7 
1323 30/3. «5092025 
323 31{3. 
13232;3 
323313; 5096057/3268'3.5142820 3 
32 34 3. 50974293 
13235 3-5998743 


an” ng Sm Xx pe BD we cares 


3236 3. 5100985 327113.51 514680513306|3.51 5193028, 3341 
3237 3.5101427/3272/3.5t48133| (3307(3-5194342.3342 
3. 51494503308, 3-5195655'3343 
3.515078 7133093. 5196968(3344 


(3238 3- 5102768[3273'3 
3239 3-510419913274 
3240 3-51954523275 3- 51521133310 
324113-51067993276|3.51 534393311 
3242 35108130 3277: 5154764331213 
13243 3-5109469]3278 3-51 560893313 
[3244 3- hoot 32793. 51574143314 


' 


3:5174595 
3293 3” SFI7FOI7 
3294'3. $177239; 
3260, 3. 5132176/329513 
3261/3, 513350932 96/3, J17 9872/3331 
3.511189 3332 

3.5182505'3333 
(3-5183823[3334 
3265'3.5138832/3309 3. -FT85139/3335 
.5993370, 3266'3, 3.5149162 3301/3, 5186455 3336 
.5094713[3257 3.514149113302(3.518777113337 
393/3.51 89086, 3338 
32693. 5144149,3394 3.51 90400 3339 
3279.3-5145475 3395 3.5191715'3340 


3252]3- 5121505 328713.5167997|3322 
325313-51228411]328891]3.5169318[332313 
32543-51241751329 13-51 706391332 
325313. 5125510132903-517 19591332 


Logarirbmn. Num 
3-5173279 


3327 
3328 
332913 
Jl 78554 33303 


3.5198280 3345 
3. .$199592\3346 

3. 5200903: 334713 
3.5202214/3348/3 


332613, 


Logarithm, 
5219222 
3.5220528 
3.5221833 
3.5223139 

3-1:=442] 


3. 5241364 
3.5242663] 
3-5243961/ 
FIR 259 
+5246 557 


j3 5247854 
3-520352513349/3 3.5249151| 
3.520493513350-5250448; 


3.5206145 3351 
3.520745513352 


3-5251744 
3.5253040 


1 813-52087641335313-52.54335 
3-52 10073[3354/3-525563 
3-521 13011335 5[3.52.56925 


3 -5213996[8357|3 


3. 5258219 
5259513 


«5215303]3358 
3-5J216c1C 


4 


53-521 7946 


3.52608 
3.52621C 


360'3-52633937 


331 $.5254585 
3362]3- 5265977 
 [363]3.5267259 
336 z.5265560 
336 5]3- .52.59851 


336613. S2/711 4+! 
335713-52724 3 
3363]3.5273721 
33693 5275010 
a2 3. $2762.99 
(3371Þ3-52 52777 588 
1337243.5278376 
3373]3-5280163 
1337413-5251451 
(337513-52 5282738 
13376]3-5284024 
1337913-5285311 
3358]3-52565 96}z 
1337 913-52 87882 
338c 35289167 
3381]3:5290452 

338213: 52917363 
3383[3: 5293020 
339313:32 94303 
(3385}3: 3295587 


339385305839 
$3:330O 118 


NattſD Dogarithm. Nam 


bs; 


3398 
3399 


3491 
3402]3 
3403 
3424 
3493 
3495 


3497 


3495 


3411 


3412) 


396 


3495 


3403 
3410 


34183; $9370 
34193; (533899 


3423 3.534406 


Num 
3431 
[34.32 
3433 


(Lngarithn. 


CO T—IT ——— 


3.5309077 
3+5 319955 
3.312234 
3-351 351253434 
;-53147893435| 
3.5316056;3435 
$317343/3437 


CHILIAS '4 


[3-5361795 


Num 
3456 
3427 
3455 
3459 
[:47© 
347 1 
3472 


umiSogarithm. 


31þ3:535420; 


53 54207 
33355473 
$.5356738 
3.5 358208 
3.53 59267 
3.53905 3+ 


3:531851 9:34.38; 
3:531 9895 3439 
3-532117113440 


3-53275443445] 


OS ———E— —_—  _— 


3.532951 7 3446 


( 


3-5322446(3441 {3- 536.5847; 
| 3-5323721/344213.53368109 
3.53249953443[3-5$36.9370 
3-53262703444/345370534 


3+5330090 34473-53744 3 
34133:5331363/3448|3-5375672 
34143-5332635 344913-5376 93243 
341 535333927 3459 


34163, 5335179345 113. 3- 53794593486 3.5, 5423274 
417315336459, 345243-53380708,3487' 3.542451 9 

2655, 3.5351 966 3488 3.542 $759): 
3454315333223 3489 3:5424010! 
1420 3:534926113459(3/5 334481 3499 3: 3-542BZ 
34213:5341,5343456B-5355737 3491!3:5429498 
3422 3.53425003457/3i5336994 3492/3: 5430742 
3438 35388250 349F375431 986 
3424 3. 534333345913: 5389506 3494/375438229) | 
2911342535 
34263-534 
3429395 349+411346213.5393291 3497}3 
3428 3-535940F346313: 5394524 3498/3. 54391 98 


3.3363959 
3+ $364322 
3-5365584 


3473 
3474 
3475 
3475 
34797 
3478] 


my Cogarmnn. | 


OC ogy — AA A 


* 53932856} 
3.5399538 
3. 5402791 
354022043 
3- 5493295! 


——— - 


3-5404546) 
3-5405797 
3. 5497048 
3.54082 96 
35409545, 
3-544 9798} 
5473 2047 
Zi 1J42 5296, 


3479 


13. 3-5371392134 480 


3-3373153 
3453: 


| 


3: 5-537 1gvagt 


348113.541 7040 
348273.3418298 


43 3. 5420781 


3-541 4544 
3.541 5792 


y 
(5.541 9535 
814 


35422028} 


54 


3. 5441921 
3.5443161 
3. 5444401 
3. 5445541 
3. 3. 5445880, 
35448719 
35449358 
813.54505 

3-5451834' 
19,3-5453071 
3. 5454308 


35163. . 546048 
3517,3-5461724 
(3518 3.5462958 
135193» 5464193 
35203. 3-546 5427 
(352113. 3-5466660 
3522(3.5467894 
3523[3-546 9126 
'352413-5470359 
352513-5471591 


| 


3-545 5545;3547 
3. 545678113548 
35143- 5453017[3549 
3515/3: 3- 545925313559 


3556 


3536 
3537 
3538 
3539 
3549 


CHILIAS 4. 


um| Logarithm. Num| | Logarichm. [Num m Logarithm. | 


3+ 5485123: 3571 
3.5486351'3572 
3:3437578 3573 
3.5488806 3574 
3-5499933 3575 


5103-5 5527898 
3. F291 4 
3-5539330 
3.5531545 
3.5532760 


3541 
3 542[3-5492486; 
'3543]3- 5493712 
3 5$4413- 5494937 
3545 
3545[3-5497357 
3.5498612 
3.5499836 
3.5501060 


3.5502283 


3+ 549125943570 


3549616213 


3-5533975 
3.5535139 
3.5536493 
3-5537617 
3-5 538530136 
3-5 549043 
3-5541256 
3-5542468 
3.5543680 
3-3 54459213620 


3577 
3578 
3579 
3580 
3581 
3582 
3533 
3584 
3555 


3551 
3552 


3-5593507 
3-5504730 
355313-5505952 
355413-5597174 
3555}8-5598396 
3-5509618 
3557 
3558 
3559 
3560 


3.551 3280 
3:35 14520 


3-5472823 
3- 5474055 


Num my Logerithm, | 


3606 3-5579257 
360713-5571461 
3608\3.5572665 
360g[3-557386y 
36 1013-557 5072 
361 [13-5570275 
3612/3-5577477 
361 3(3-5578680 
3614 3- 5579881 
36153: 5581083 
3616/3. 5582284 
3617 3+ 5583405 
36183.5584686 
36193.5585886 
3620 3.5587086 


3586 
3587 
3588 
3589 
3590 


35546103 
3. $547314, 
3-5548524| 


3:55 59944 


3-5510839 
5-5512059 


3+5552154 
3.5553363 
3-5554572 
[3-5555781 
3-5 556989136 


3591 
$92 


35611]3.5515720 


3.5518158 


35521813 
3+5 523031 
3- 5524245 
3. $52540% 
$2668 2 


3-5516939 


3 565[3: 552959560: 


3.55581 97 
3-5559404 


3-5549735i3624' 
1362513.5593080 


3621 3-5588285 
3622}. 55389434 
(3623/3. 5590683 
3.5591 882 


362613.5594278 
3627]3-5595476 
3628(3.5596673 
362913. 5597870 
3630}3- 5 599066 
3631 3- 5600262 
.5601438 


36383. 5608627 


3605 3. 5569053 


363913. 360982 
3640"3.561101, 


Num Logarithm. [Num 
5612207 3576 
64213-56133993677 
2643[3-551459213678 
3644/3-551578 
$6453:5516975 
645:3.5618167]3681 
364713-5519359]3682 
3648]3.5520548]z3683 


3655O 


noe 3685 
_ .5625308[3687 
3653þ.5626497 3683 
3654/3-5627685 


3656/3, 5630062[3691 


36603.563481 113695 


3662 
3663 
3664 
3665 
3666 
3667 
3668/3. 
36693. 
3670 . 
367113. 
367213. 5649027 
3673]3-55 50209 

5651392 


3637183 


3-5541 92513701 


370 
3705 
3706 


3674 
3675 


3649] 562173913684 
65113-56241 18]3686 
35389 
265 $3: 462027413090 
3657'3.56312543692 
3658 3-5632437]3693 
[3659 3-563362413694 
3661 3.5635997[3696 
3.563836913698 


3. 56497493709 


as 


Log arith nr. 


3-5653755 
34654939 
3.J656117 


3-55 57298 


N36 58472 


3. 5659553 
3. 5660338 
3.559$2017 


3-5564375 


3.556553 
3. 5666731 


3.56631 96 


3. 3667999 
3.566 9087 3724'3.57 10097 3759 3-5750723 
3. 5679264 372513-5711263 3760 3.5751878 
3.5671440 372013.5712428 3761 3.5753033 
3.5672617 372713.5713594 3762 3.57541 88 
3.5673793 3728[3.5714759 3763/3-5755342: 
3.5674969 37291]3.571 5924 3764 3. 5756496 


CHILTAS'4 


N 
3711 
3712 
3713 


275 
[3716 
3717 
371 
371 


3721 
3722 
3723 


3.5676 144373%3: 5717087 3765 
3.56773203731 3.5718252 3766 
3-5678494'3732 3-5719416 3767 
3.5679669 3733 3.5720580 3768 
3.568084.3'373 3.5721743 3769 
3-5682017 3735]3-5722906 3773-5763413 
3.56831 92(373613.5724069' 3771 
3. 5684364 373713.5725231 
3.5685537/3733]3.5726393 


| $1377413-576801 
3: 5687882374 KJ 728716 op 3:3769169 


3707}. 
3708 
37093» 
3-5652573" 3710 


iy Logics, Nom 


3714 


Logerichmn. 
3:5694910 3746[3.5735575 
3.55 96080 3747 3.5736837 
3.5597249 3743 3.5737996 
3.559841 9 3749'3.57391 54 
3:5599588 37 50 3.574231 3 
3- $7997 57 3751 3-5741471 


| 


, 


3720/3-5705429 3755 3:5745999] 


3-5721926 3752 3: 5742620 


3- 5793994 3753 3-5743796 
3-5794262 3754 3-5744943 


3-5795597 3756 3.5747256 
3-5797764 3757 3-574$412 
3.5798930 3758 3.5749568 


| 


3:5757650 
3-5758803| 
3-5759956 
3. 5761109 
3.5962261 


3:5764565 
35765717 
L_ 


377 
3773 


Lagarithm.|) 


an an ha 


—_— 
5 $798363/3818 
3-57793r1[3319 


37951-97806 59 
3:5781 1806 
3-5 732953 


3.5794 FOO 


9135785246 


3790/3. $796 392 


3-3787538 
3-5738683) 


313: 3789828 
73.5790973 
79533792118 


Nuin 
3316) 


3820 
3821 
3822 
3823 
3324 
3825 
3826 
3827 
3828 
13829 
3830 


\CHALIAS 4 
Logarithm: Num 


3-3$45984 3851 
13:$847222 3352 
3. 98133593353 


3-581 9457 3854 


3- 59209534 3555 


DO II—_ —C 


3 5827450 3861 


3.5793262 


3-57 96693 


9013.57. 97836 


3-5798979 
3.5800121 
35801263 


353802405 


135803547 


3.57 94406, 
$13:5795550 


3831 
3832 
3833 


1 
| 


—y 
| 


3835 
3836 
13837 
3838 
3339 


3834 


3. 3.5838786!3871 


3.53821770'3856 
3: 5322 997,3857 
3-5824043'3358 
3-5825179'3859 
3:5825314/3860]3 


3.582858513862 
3.382978 3863 
3-5830854 33864 
3.5331 988[3565 
"v 3-5833122(3866| 
3.5834255/3367 
3-5835388;3868 
3-533652113869 
3.5837654:3879 


Logarithm. 


3:3355735 
3-385656z 
3z5857990 
3.585917 
3. 58602441 3* 
3-5861370 
3-5362.495 
3.586 3622} 
3.536474 
3-5865873 
3.3866998 
3. 5868123) 
3.5869247 
3-5570371 
35871495; 
3. 3:5872618 
3-587 3742: 
3.5874865 
3. 5875987 
3. 32-5977 7110, 
3-5878232} 


5 


3849}3-5843312 


3-5839918 
35841050 
3.584241 


13872 
3873 
3974 


3875 


3-5879353| 
3.5880475| 
3.5881596 
3-5882717 


3, 5847034 8 
| 40953 


3758138071384 9/3- 58534791398 3:5892792 
3:581494513350/3:5854507 3885'3-589391 0 


[3-5844443/3376 
13-5845574357713. 
3:584670413578]3. 


— —— Jo CCC—ER—__ R—— 


—— _——CCCC —— | 


3.5883838 


(Nuny Logarithm. 


+ 
3885]3. . 5897262] 
388913. 5590379] 
389013. 5599496 
389113. 1.5 900612, 
38921}3-5991728 
3893{3-5902844 
389413-5903959 
3895}3-5995075 
3896[3.590618g 
389713+ 5907304 
3839813- .5908418| 
3899 3- 5999532] 
3900345910646 
3901/3. 911759 
3902/3. 5912873) 
3993/3. 5913985| 
3904 3+ 59150g8, 
,3905 3+ 5916210) 
[3906,3-5917322 
3907 3-5918434! 
3998 3.591 9546 
3909 3- 5920657! 
39103- 5921768, 
3911.3.5922878| 
3912 3.5923985 
3913|3.5925098 
39143. 5926208 
391513.5927316 
| 


391613. 3.5928427 
391713-5929536 
391013.59306 

391$13-5931753 


— 4 


39203. 5932861 


a2 


CHILIAS 5 
Num Logarithm.|Nut Logarithm. Num Later. iNun um Logarirom 
993396 $3956 3-3 5972563/3991[3.6010817/4026 3.604853 


92213-9593 5076139973+ 5973660 3992 3.601 1905/4027 3.604581 
3923[3- 59361 b3]3 95813. $9747 58,3993 3.60129931402B 3.605089 
[3924/3- 59372 959]3-5973855/3994/3.6014080 
92513-99383 973 96013-9975 9523995[3.601 5168{4030 3.505 3050 
[3926/3 9939503/3961[3. 5978048| 3996[3.601625 5/403 1|3.6054128 
3927 3.9 940609]3 06213.5979145/3997[3.601734114032(3.605 5205 
P9203. $94171 J396313- v4-mry aona png re: op tnn 


—_ ————_— __—— 


3933 3+ ——_ 59857 17/4003 3. 6023856 4038].6061663 
3934 3- 5948344;3969Þ3- 598651 x 9m -6024941140393-606273 
3935 3:5949447,39793-$987905 SOC TPIONEOS 2 514040[3.606 331 
43936 3-5950551[3971 3. 5988999 ooo, 6027 1099/4041 3.606488 
3937 3-59516 54,3 972/35 990092 (40073 60281 9N14042 3.606596 
39385. $nooaber 5991 86/4008, 502927 7,404.313-6 | 
59393-59538693397433. 5992279'4 40094.6030361 4044 
3940 3-5954962 3975/3 599337! £108: 60314441404 5]3.606918 
3941/3. 595606443 976 5994464401 1 3.6032527/4046]3.607025 
3942/3. 59571 68Þ 977 $995 5564012 3. .6033609/4047]3.6071 332 
9433595926 39783. -$996648/401 3 3. 6034692(4048[3.6072405 
39443- 595936 9793- 59977 394014 3.6035774/4049]3- 
2945/3- 59604708 9803. 599883 18401 5 3.603685 5 
3946|3-596 1571 398113. 5 5999922/4016 3.66 6037937 
3947}3- 5962671 3982/3.6001 01 314017 3.603901 8 
3[4018/3.6040099 
984360031 931$01 95.6041 18 
3985 3.6004283(40203.6042261þ 
ſz 9863.6005 3731402 113.6043341 
402213 6044421 
402 313.6045FC 
4024;3.604658 
WS .6047659 


gpm 


4062 
406 3 
406 4 
4965 


Num Logerit 
= 3.6036330 
3.6087 399 
3.6088468 


3.60895 37 
3.6090605 


ogarithm. 


1m. |Numy 

= 
4997 
4098 


499913 
4100 


Logarithm., Num 


6 6127839 


3.612359 4131 
3.612466 
3.612572 


612677 


9 


0.4132 
J61 33 

4134 
4135 


CHILIAS x$. 
Logeriebm. (N 


Logaruthm, | 


3.6160552/4166[3.61 97193 
8. 6161603/4167 3-6198235 

3» 61626544168 3-61 99277 | 
3.6163705 416 3.6200319 
3.6164755 4170 6201 360 


4056 
4967 
4.068 
406913 
4970; 
4071 
4.072 
4073 


| 


3.6091 674 
3.6092742 


- 


3-6095 94414 
ED 


3.6097011 
3.6098078 


.6093809 
3-6094877 


4107rl 
4102 
4.103 
4.104 


3.60991 44 


4078, 


4080, 


3.6106602 


3.6114046 
$N. 
Ho 


3-6117233 


-- e143 s 
13.6112984 


4121 
4122 
412.3 
4124 
4125 


3.6r28898 
3-6129957 
3-6131015 
3.6132073 
410513- 6133132 
4106{3.6134189 

107/3.6135247 
41083, 6136304 
4974.3, 6100210410913. 6137361 
4975! '3. 610127641 10/3.6 6138418 
4976 3. 6102342/4111|3.6139475 
4077 3. 6103407'41 12/3. 6140531 
3.6104472/4113'3.6141587 
4279 3+ 610553741 14'3-6142642 
$02/4115'3.6 6143698 
408113.6107666'41 1613. 36144754 
0823 61087304117|3.614580g 


3.6150Q026 


| 


| 
pee 


— 


6148972, 


4136 
4137 
4138 
4139 
4140 
4141; 
4142 
4143 
4144 
4145 
4146 
4147 
4148,3.617838714183/3.6214879 
414913+ SHIT 6215917 


3, 361658054171 
3.6166855'417213.6203443 
3.6167905(4173]3.6204484 
3.6168954\417413. —_ 


6202402 


3.6170003 


3.617105214176 6207608 


3. -GI7ZIOI 4197 .6208645 
3-61731494178(3.6209684 
3. 61741974179] 6210724 
3.6175245 2180; 6211763 
3.6176293 mMI'Y 6212802 


_ 
4151 
4152 
4153 


4154 


3.617734041 823.621 3840 


3.6180481 
3.6181527 
3.6182573 


4185'3.6216955 
186'3.6217992 


187 3.6219030 
3.618361 94188 3.6220067 


41 5513-6 


3.618466514189 3.6221104 
3.6185710141 90/3. 3.6222140 


Þ-ELJLELY 
3.6152133 
36153187 
3.6154240 


4157 


3.6118295 
3.6119356 
3.6120417 
3.6121470 
3.6122536 


£126 
4127 
4128 
4129 
4130 


3.6] 55292 
3.615634 
3.6157397 


61584494 


4161 
4162 


4163 


.61595O1 


4165 


4156! 
4158, 


4159 
4160 


164 


3. 3.6186755 19113, 6223177 ; 
3.6187800\41 9213.6224213 
3-61 88845141 93/3.622524 
3.6189889]41 94'3.622628 
3-6190933{419513-622732C 
3-61 91 977141 $613.6228355 
3.6193021 [41 9713.62293 
3-61 94064141 9813.62 3042 

.61951071419913.623145 

6196150 .6232493 


CHILIAS <. 


— 
um 


4201 
202 

4203 
hag 
4205 
4206] 
4207 


4298 


3. Ta 


3. 62345604237 


3.6235594 
3.6236627 
3.62 6237660 
3.6238693 
3.6239725 

6240757 


4209 
nn dy 
4211 
4212 


4230 
(#23 
4240 
4241 
42.42 
4243 


244! 


236þ; 


3.627058514272/3.6306312 


3.627161 


3-627 4683; 
3+ 6275706} 
3-6276730 
6277754 


3.624178g 
3-6242821 
3. 3-6243852 
3.62448 


4213 
4214 


3.6245915 
3.6246945 


(421 5.3-6247976 


4245 
4246 
314247 
4248 
4249 
4250 


4216 3+ 3.62.49006 
4217 3- 6250036 
42183. 6251066 
4219'3- 6252095 
4220 3.62 6253124 
4221 3-6254153 
4222 3. 6255182 


251 
4252 
4253 


4255 
4256 
4257 


42543 


4226 
Y «a 


wy 


4223 


4227 
14228 
(4229 
4230 


3.6256211 


36259295 
3.6260322 
3. 6261350! 
3.6262377 
3.6263404 


4231 
4232 
33 


3.62644 30 


3-6265457]42 
3.6266483 


423 
lzzy 


4258 


36278777 
3.6279800 
3.628082 3 

3.6281845 
3.6282867 

3. 3.628388 
3. 3.628491 1 1 
3-6285933 
3.6286954 


.6287975 
3.623889 


4273 


913-6272634! 4274'3- 63083454309 
3- 6293659; 


4275] 


4277 


14276}3- 3-6310377 4311 
G. 


14278}3. .6312408 4313 


um} Logarit arithm. === 


6269559 427113. it 


.63073291430 
13.6; 63099361 4310 
6311392 4312 


3 6313423 4314 
3-6314438 4315 


39713-6341749 


Logarithm. | 
3.634074 


36342757 
3-6343765 
3-6344773 
3. 3.6345780 
3.6346788 
3.6347795 
3.6348801 
3-6349808 


3.62 90016 


3.6291036! 


3.6292057 


4 -626750914269/3- 6303262 
a. .6268534 4270/3-6304279 


4224 3-6257239]4259]3-629307 
4225/3-62 58267 


4260]p.6294096 


4291 

92 
293 
294 
295 


3+ 6315452 4315 
3.6316467 4317 
3. 6317481 '4318]3 
3-6318495 4319 
3.631 9508 4320 
3+ 6320522 4321 
36321535 4322 
3-6322548 4323 
3-6323560 4324 
3-6324573 4325 


3-6354837 


3.6359814 
3.6351820 

6352826 
3.6353832 


3-6355843 
3.6356848 
3.6357852 
3.6358857 
3.635986 1 


3.6325585 4326 
3.6326597 4327 
3.6327609 4328 


3.6360865 
3.6361869 
3.6362872 


3.6328620 4329 
36329632 4330 


'4261Þ+ 3.6295115 
(42623. 629613 

ns 4 6297153 
426413.6298172 
426513-02 62991 90 
4266 3+ 3.6300208 


7 6301226 
$2085, 


6302244 


2.96 
297 


3.633064 3[4331 3: 3:6365882 
3.6331653[4332 3-6366384, 


4298, 


4300) 


3-6334685 


4303 
4.304 


3-633872 31433 


430513-6339732143423.6374897 


3.633266414333 3.6367887 
4299.3-6333674(4334 3-6368889 
4335 3-6369891 
4301[3- 63356944336 3- .6370893 
4302/3.6336704/4337 3-6371894: 
36337713 35h 3.6372895 


3.6363876 
3.6364879 


6373896 


= of RES 


CHILIEAS 1. 


[Nam Logarithm. Nome Num 
| 37613-5641 0773 411 1, 
434213637 37713:641 1755/4412 
4343}3- 5377398 37813. 6412759431513, 
434413-6373898[437913-641 37494414 
4345[3-6379398|438013.641474114415]3 
[4346 3+ 3.6380897 381) 3+ 64157 $733 4416 
\434713.638 1896|4382/3.6416724/4417 
|4348]3.6382895|4383 


Wy . 


LOparethon. No ' 


3. 64502911445! 
364512744452 
3-5452257 4453 


3-641771 54415 
[4349]3-638389414384/3.6418705/4419 
4350/3.6384893[4385'3.641 9695 4420 
143511363 63385391 4336 3. 6420585 34421 
4352 3.63863889]4387 36421675 4422 
4353 3.638783 714385 3.642256 4423" 
4332 3.638888 44 389 3.642 3656 4424 
4355 3538988214399 3-6424545 4425 
[4356 3.639%V794391 3.6425634 4425 
4357 3.6391878ſ4.392 3.6426623'4427: 
4358 3.639287214393:3-6427612 4425, 
4339 3-6393869[4394 364286014429 
4360 3.6394855/{4395 3-642 95894430 


_ — <—_— — —— —  —— __— — OO — — —— — — 


4361 3.6395351 4396, '3. 6430576 4431 
4362 3.639585714397 3-6431565 4432 
4353 3-6397852! $3993. 6432552 4433 
þ 4364 3.63988.47 
4365 3.6399842 
14366 3.6400837 
4367 36401832 
14368{3:6402826 
4369|3-6403320 
437013: 6404814 
437113.6405808 
4372436406802 
437333-0407795 
437413-6408788 


440113-6435514 


A+ 


4.4 


| 4993. 644.3401 


437513.640978r hq 103:5.044.386) 


413! 
513, 


3. 6453240445 
a 6454223 4455 
3.6455205 4455 
'3.6456157 4457 
36457169 4458[3 
3.6458151 4459 
3.6459133 4450 
3+ 3.64601 14 4461 
3.6461095.446213 
3.5 462079 4463 
3.645 3057 4464 
3.6464037 4465 
'3. 6465O1L7 4456 
3.6465997 445713 
3.6466977-4468 


4.399 3- 64335494434 36457957 4469 
+409,3.6434527 4435] 3.6468936 4470 
4436 
44023. 04365004437 
03/3-6437487 4438 
04/3-643847314439 
4405 3-643945 924.440 
5613. 3.6440445/4441 
0736441430444? 
408'3. 644241 614443] 


by 3.646991 5/4471 


3.6471873}4473 


3-6473530}4475 


3.6476763[4478 


Ik th), 
7969 TI 


GAdb325/a44s | 
3 6449307|44593- 


i 


3.64708 94 4472 
3.647255114474 


3. 6474808] 476 
3.6475785 4477 


479 


Log ars 


3.6484.576 
3.6455552 
3.6486527 
3.647502 
3:6488477] 
3-6489452 
3.6490426| 
3-6491 401 
3-5492375 
3-0493349 
3.64 94322 
3-6495296 
3.6496269 
3.64972.42 
3.649821 5 

3.64991 87] ' 
3.650016 

3.65O1132 
3.6502104 
3.6503075 
36504047 
3.6505018 
3.6505 989 
3.6506960 
3.6507930 
3. 3.6508g0r 
3.6FogB7r 
3.6510841 


3.651 1811 
3.6512780] 


on 7z FREAM. 


ag9213.6514719 
+4533. 6515687 


448513.65 5518593 


44893.6521495 
4499 3-55 6522453 
449113- 0523430 
4492 3-6524397 
44933 6525364 
14494'3- 6526331 
14495'3:65 6527297 
14496;3- 3.6528263 
4497 3- 6529229 
44983- 6530195 
3.6531 160þ 
36532125 
3.6533090 
3.653405 5þ 
3.653501 9þ 
13.653598. 
3.653694 
3.6537912 
3.6538856 
3.653983: 


4513]3-5 544653 


4514}3.6545616| 


4451 Te $16 
Wwe 13.6516656]45! 
4.48 513.6517924}+52 


44873.651955iÞ452213.6553305 
4483 3. 6320528]4523[3.6554265, 


3.6540802[45 


4515 3:65465784550 365801 1 4/4585 


CHILIAS x. 


Van Loparithm. N afoſLagerith: 
3. 6547539855! 
$1713-654850144552 
$1813.6549452}4553 
3-6559423þ5 54+ 
3655138414555 
.65 5234514556 
4357 
45359 
52413.6555226 4559 
+52513.6556186456013.658954d 
52613.6557145 456103.6: 559060! 
$2713-6559195 456213. 6591553 
52513.56559954 4563 13-6 592595 
52913.6550023 4564/3. 6593455 
+530 Z+ 6560982 4555 * .65 94495 
53113-6561941 4556 '3.6595359 
532]3-65628994557| [3-6596310 
$33]3-6563857 4568/3. 6597261 
53413-656481 5456 0s- 65983212 


3. 522024 
3.6582.976 
3.658393 
3.658488 
3.658537 
3.65386790 


| 


J2z1l 


3.653886 9g5 


| 


536]3-6566730 4571 {3.66001 12 
537]3-6567688 4572|3.6601 062 
53Y3-65638645 4573|3.6602012 
5393-6569690 45 74'3.58602962 


535]3-65657734570.3.6599162/46' 


+5493.6570558 4575'3.6603911 


—  —— O— —— —  — 


54113.6571515 457613. 3.604860! 


543 


3-6574353 4579! 


54913-65791 54458 


3.6387058 


3:6587743þ4 


3.561$127 


4595 


| 


.661 9073 
3.662001 9 
313-6620964 
3.6621910 
(3. 6622855 


— —] — -_ 


4596/3662 3800, 


4597 3-6624745 


4 


8 3.66255 90 
v9 3, 6626034; 


3.661 4340] 
3.661 5287 
3-6616234 
3.66171$1 


| 


| 


4500 3. 3.6627578! 
4601 3. 3.662852; y 


4902 3.6629466, 


4603 3. 6630410, 
4604 3. 6631353 


4505 3.66322 
4506 3.60 6633239] 


4607 3.6634182] 


296 


|; 


4608 3.6635125] 
4609 3.66 36067 


3.6613393 4620 


46103, 3.663700g| 


4611 3.6637951 
542]3-6572471 4577|3.6605809 4612 3.6638893 
3.657342 7457913. .6606758 4513 3.6639835| 
3.6607706 461 4 3.6640776 

3.654! 765}4549133-6575339455013.6608655/4615 3.6641717 
411 3. 6542728] '546]3; 3-6576294 4581 13. -6609603 4616 3.66 3.6642658 
(4512. .6543691[454713:6577250 45$213.6610551'4617 3.6643599 
5423-C573205 458313.6611499 4618, 3.6644539 

8 
4p 6612445 461 9,3-6645400 
3.6646420 


| 


| 


Nug 
462113.664736 
0p: 6648299 
0923 3+ -6649239/46 

4'\3.6650175 Pr 6632927 4694[3-6715431 
16256. 3-6651 l 117/466013.66 66833594595 3. 3.6716356 +7 


4.526 
14.627 
4628 


CHILIAS 5. 


46 29 


4531] 
4632 


| 


11536 3.66 


Logarithm, \Num Logarithm. Num Logarithm. 


3. 3-6652056 
713-6652995 


3.6656748!456513.6689447 4701 


3.6661434 


0565/4561 3. 3-6683791 4695 3. 3.6717281 
4662 3.6685723 459713-6718206 
3-6553933'466313.6685654 465 9813.671 9130 
3665487346564 
4630 3. 3.665 5810 4565 


> 


56 .66801 30 4691 3.6712654 
$713-668 1052 4692[3.671 3580 
4 .6681 995 4693[3.67 14506 


3: .668/585 4699]3-6720954 


3.6688516 470013.6720979 


3.6721 903 


473613-6754117 
3.665768514667,3.6690378'/470213.6722826[4737/3-6755934 


4533'3. 665862 3f4668]3. 6691 308 4703 3+ +6723759,473 3-6755951 
4634 3.6659560 466913. -66922394704[3-6724573 47393 6756867 
4535 3.656049714670]3. 3.66931694795 3. 3.6725 596 7493-6 6757783 
4671 3. 3.6594099 470613.672651 94741 3» 6758700 


14637 3.6662371 467213.65695028 4707}. 6727442/47423 3.6759615 


4538 
145639 
(4540/3.66 
14641 
14642 
4543 
454+ 
4545 
14646 
14647 
4648 
4649 
4650 


3.6663307 
3.50664244 
3.6665180 
3. 6666116 
3.6667051 
3.6667987 
3.6668922 
3.666 9857 
3.6670792 
36671727 
3.6672661 
36673595 
35674530 


46Fl 


36675463 


4692 
4653 


465413-6678264; 
465513.66791 97 


3.6676397 
3-.6677331 


467813.6700602 4713[3-6732974 
467913-6701 530:4714[3-6733896 
458013.6702459:471 5]3-6734817 
4681[3.6703386/471613.6735738 
4632[3.6704314 471713.6736659 
468313. -6705242/471813.6737579 
458413.6706169 471 9]3.6738500 
468513.6707096 472013: 3.6739420 
468613. 5708023! 472113. 3.6740340 
468713. 6708950 472213.6741260 
453813.67098765 472313-6742179 
4589[3.6710802 4724[3.6743099 


4748 
4749 
4750 


14751! 
752 
753 
4754 
4755 


4573]3-6595958 4708[3.6728365/4743/3-5760531| 
4574|3-66 96887 4709[3.6729287'4744 3.6761447 
457513-6697N6/471013.6730209/4745,3-6762362 
4675|3.6698745 47111367311 3114746 3.6763277 
467713- 6699674 4712 3.673205 3{4747\3-67641 92 


3.6765106 

6766022 
3.6766936 
3.6767850 
3.6768764. 
3.6769678 
36770592 
3. 3.6771 715095 


4756 
4757 
4758 
759 


459013-6711728 4725 3.6744018 


3.6772418 


.67742 


4760: 


3 
3. 6775157 
3.6776069 


| 


3-6773332] 


CHILI 


7743. 678882 480 


4776 3+ 6790643 4311 
4777 3- 679155214812 
4778 3.67924611481 3 
$7798: 6793370481 


678 3-6795187|4876 
47923: 67960961481 7 


4786 3-67 679972714321 
4787'3.6800634[4822 
47883. 6801 541 
- 7893. 68024481482 
47993.6803355]4825 
479113.6804262[4826 
4792]3.680516$}4827 
$7933- 68060741432 


'Logariehm. [Num Logeril 
=: 


q Num 


19214831 
4832 


arithm. 


Logarthm. Num 


AS x. 


3.6840370 4866 
3.6841269 4867 


4833 
0704934 


T 


2'4 


4836] 
837 


6816030 4839 
.6816934'4840' 


3. 68205484844 
36821451 4345] 
3. 3-6822354 4846) 
3-6823255'4847| 
3.68241 594848 
3.6825061 4849 


36826855148 4351 


3.682776614852 


4853 
4854 
485 513-68 


3.683137114856 


3 -6817838/4847/3.68 6849351 4876 
$0713.6818742/4842/3.6850248 4877! 
$08/3.681 9645'4843/3.6851 145 4378 


3.6842168 4868 
3. __ 4869 


3. —b44863 4871 
3.6545761 4872 


3.6847556 4874/3 
3.6848454 4875 


3.6852041\/4879 
3.6852938 4880 
3: 3.6853834/4881| 
3. 68547304882 
S. 685562614883 
3.6856 g22/4884 
[3 368574174885 


_—_— 
3:6871721] 
$4.6872615 
3.6873506 
3.6874 398 
36875290 


3.6876181 


3.6877073 
3.6877964 
.6878855 


3.6879746 


[ 


_ 


3.6880637 
3.6881 528 
3.688241 
3.68833 
3.688419 
3. 3.6885088 
3. 688597 
3.6886867, 
3.6887756} 
3.6888646 


3. 3.685831 3/4886 
3.685 9208;4887 
3.68601 0314888 
3.6860998[4889 
3.6861 89214890 


3. 3.6862-787 4891 


3.6832272 


4857 
3.6833173 


4858 


3.6863681]4892 


3.6889535 
3. .6890423 
3.6891 312 
3.6892200 
3.6893089 


3.6893977 


3.6864575]4893 


3.6895752 


3.6894864; 


3-.6834073 
3-6834973 

6835873 
3.6836773 


$13.6337673 


3.6838572 


$7943. .6806g8q} 4329 
795/3.6807886\/4830 


3.683 9471 


4 85943-6856 5469 
4860/3.6866363 


14361 3. 6867256 


4895]3-6897527 


486213.686814 
4863136869043 


4864{3.686993614 89913-6901 074 
486513.687002814. 900 3:6901 961 


48963. pen. 
© 


$98]3.6 90018 


489413.6896640] 


489713.68993 
q 


CHILIAS 6. 


;Logarithm. \Nu 


3.69928347|4936 


3.6993733 


4911 
4912 


4913 
F914 3- 691435214949] 
4915 3- 691 5235/4950] 
4916.3.69 69161194951 


4917 
4918, 
4919 
4920, 
4921 
(4922 
(4923 


| 


[4925 
[4925 


492713-6925825 


4.928 
4929 
4939 
2931] 
4932] 
433 3] 


49243692 3180 
Z. 3.6924062 49 


3. 3-691 11599 
3.69125834 
3.691 3457 


3. 6917002, 
3.6917885 
2.591 8768 
3-691 9651! 
3-69205 34 
3.6921416 
3.6922298 


3-6924.944 


5-6926707 
36927588 
3.6928459 


Num 


937) 


4944 
494.5 
4946 
4947 
4948 


4952 
495 3 
495 

bbs 22 5 
4956 
4957 
4958 


813.693551 11497 313-69664 85] 590Þ. 


Im 


| Cogaricbm.)] Num, Logarithm. jews 0g 4 


43 .6933752/49 97113.69544395450- 
3.6934631]497213.6955311150-7] + 


3.6997510 
3.6998377 
3.6 999244 


3.6935 390 4974\3.6957058|500y 
94913693725 2. 497513-$99793115010 
3» 6933143 4.976! ; .0 955304 5011 
213.6939027 4977 3-6969575 501 2/3-7000LL1 
3. 6939905 4973, 3+ 6979549 5213. pony 


3.6949935 437 53-697 1421, 501 43-7001843 
3.6941653 4939 3.6972293 501 5/3-700270 

3. 694254114981 '3. 6973165 $916'3- «7003575 
3.694341 9:493213-6974937 50173-7004441 
3.59442 97 493313-6974909 5018 3-7005 307 
3.69451 74+ 4984 3: 697 $780, For 93-7006172 
3. 3.6945052/4985; 3.6976652'50703-7007037 
3» 35945929 4086. 3.6977523 502 t 13-7007 902 
3.6947806 +987 3.6978394 5022'3-7008767 
3Z- -694868 3/4988, 3.6979264 502.3/3-7009632 
3. 69495504989 3.69801 35 5024'3-701 0496 
3. 69 504374999.3-6s 6981005 5025 3-701 1361 
3.6951313'/499113- 6981875. $0263. 7O1 222 

3. .6952189{4992 3.6982746,5047/3.701 308 

3-695 3065{499313- 6983616 5028Þ 7O1 3952 
3.695 3941 (4994/3.6984435|5029/3-701481 

rN DOD 192c7 2999 3. == 5030j3-701 5680 


3. 6929350 
3.6930231 


3.693111 


3.695 443 '4998/3.698796 
3.6958318 499913. _—— 
3.69591 93 5000 3.6959 


/ 


CHILIAS 6. 


3-7Q25167 
3.7025028 
5043'3.7026890 
$044'3-7927751 
504513- 7028612 
$04613-7029472 
5047'3- 1930333 
5$048/3.7031193 
50493. 7032054 
50503: 7032914 


. Num\Loga rithm. Num, Logaruthmn.. 
$976]3.7055216 F113. 7085059 
507713-7056072 51 121/3-7085908 
507813. 70569275113/3: 7086758, 
$0793-70577862.51 14 


508113. 7059492/5116 16/3.7089305 
59823. 7060347151 1713-70901 $4 


5985'3.7c 706291C 


3.7087607 $14913.71 17229] 
5080'3.7058637 5115]3-7088456'51 5013.71 18072] 


19 15213-7119759 
5083/3.706120115118(3.7091003j5153'3.7120601 
5084'3. 706205515119 3.7091 851151 54/3-7121444] 
5120 3.7092700/51 55/3- 7128287 


Nun um Logarither 


5146|;. 7114698 
3J147Þ-7115542 
514513.71 16385 


FLIF1 3-7118915[ 


| 


| 5051 3- «703377 

$052/3-7034633 
5053 37935493 
$954 3- 7036352 
5055 3.7037212 
[$956 3. 7038071 
$057/3.703892 9 
5058 3.7039788 
5959 3-7049647 
$0603. 7241505 
506113-7042363 


5093 3-706973715128 3.7099480 
5094 3-707058 
3.707 f442[5130 3-71011741$16F 3- 
50963.7072294]51 31'3.7102020 


5O95 


5086 3.76 706376al5121 37093548, 
5087 3.7064617]5122 37094396 


50893. 706632415124 3- .7096091 
5090 3.7067178]5125 3-7096939 


F1 56/3- 7123129 
Fl 5377p 94m = 


509113706803 F126 3. 3.7097786 
5092 3.70688845127 3.7098633 
j 


5129 3.7100327 


i 


5162/3. 
5163/3. 7129021 


5062 3.7043221 
5063'3.7044079 
5064 3-7044937 
$06 5 3:70457945 
$066 3- 3-70466 5215 
5067,3-7047509 


' 2g Pr 


5071 


07513-7054.360l5 


$097 3.7073 14615132 3.7102866 
5098 3.707399815133 3-7103713 
5099 3.7074850/51343- 7194559 
J109.3.7C 
FLO1 
FIO2 
5068/3. 704836651033. 
5069.3- -7049223/5104 


«7050936|5 106 
$072/3-70517 9215107 
$073]3-705264 915 108 
$07413-705 350151 


3+7907995 


7p: 708185 
3.7082 509 
3.7083359 711301 


(9142/3 
$3 
3-7084209'514513.71135 


og 


ITO 


3.7079107;51393.7108786]5174/3.71 3826 
[40/3.710963115175/3- 
3.70808o8k1 4113.71 1047615 17613. 
711 132151773. 
3.711216515r7381(3. 
F17913- 
5183013: 


06 


'CHILIAS 6. 


: 


5182 
5183 


5185 
15186 


k 


Fl91I 
5192 
. 15193 


5196 
5197 
5198 


$201 


| 


Num|Logar 
5181 


5184 


187 
138]: 
5189 
5 190 


51.94 
5195 


51993-71591 98 
$209 


$202 
52033 
5204 
5205 
$206 
5207 
5208 
5209 
5210.3. 7168377 


5216 
$217 
5218 
5219 
5220 
5221 
322.213 
J22.3 
5224 


3-71 44974 
3.7145812 
3.71 46659 
3-71 47488 
3.7148325 
3.714916G2 


3.71 50000| 
3.715033 

3-71 $16745225 
3-715251Q5226 
3.7153347]}J227 
3.7154183]5228 
3.715501 915229 


3-71566g91 52.31) 
3715752715232 
3.7158363 5233] 
5234 
3716993315235 
3-7160869j5236 
3.7161703152.37 
716253815238 
3-716337315239 
3.716420715240 


3-715 585615233 


. Num! Logarithm. 


eto nn—— —_—_—__ Oo — 


3.7173376 
3.7174208 
3.7175041 
3.7175873 
3.7175705 
3-7177537 
3.71 78369 
3.7179200 
3.71 80032 
3.7180863 


3.7181694 
3.7182525 
3.7153356 
3.7184186 
7185017 
3-7185847 
3.71 86677 
3-7187507 
3-7188337 


3-71 89167 


3.7138 9996 
3.71 90326 
3-7191655 
3.71 92484 
3-7193313 


Num 


5251 
3252 
$253 
5254 
3255 
5256 
5257 
5258! 
$259 
52 69 
5261 
5J262 
52033 


5264 


5265 


5266| 


5267 
£268 


5269 
5270 


um'Logarithm. Nun 
3720242015286 
3-7203247]5287 
3720407415288 
3-7204901}5289 
3720572715290 
3+ 72065545291 
3.7207390,5292}3 
3. .7208206]5293 
3. 3209032[52 9.4 
3.720% >$57 52 95 


I —On—> — —— — _—  — — 


3-7210683 5296 
3.7211508 52 2.97 
37212334 5298 


3+ 3.7214809 53Ol 
3.7215633 5302 
3.7216458 5303 


3. 7218106 530513 


9-71 
F272 
$273 
5274 


3-7165042}5241 
3-716 5876}5242' 

716671015243 
3-716754415244 
5245 


: 


521113. 7169211 
$212'3.7170044 
213 3.7170877 
214 3.717 1710,5249, 
215 3+ 7172543 $2503.72 «7201593 


5246 
247 


3. 719O0IH1 


5 248 


3-71 94142 
3.71 94970 
3.7195799 
3.71 96627 
3.7197455 
613.71 98283]52 


3: :71 99938 
3.7200766 


5282 
528 


Z. 7218930 5306 
3+ 7219754 5307 


3-7213159 $299 
37213984 5300 


3-7217282'5304 


Logarithm | 
3-7231272 
3-72 32093 
3-7232914 
37233736 
3-72 34557) 
3.7235378 
.5236198 
3-7237019 
3-7237839| 
3.72383660) 
3.7239450 
37240300 
3. 7241 1 20 
3-7241939 
37242759 
3.724357 
3+-7244397 
3.7245216; 
3-7246035 
3-7246854 
3-7247672 
37248491 


3: 7220578 5308 


3395315 3:72 


2 
722708 5317 
3223806(5318 


$284 3.722962${5319 


3'5285 


347230450 5320 


3-7221491, 5309 3.725012} 
5275'3- 3-7222225{5310 3-7 .725094F 
5276 3. 7223048;5311 3.7251763 

$277 3- 722387115312 3.7252581 
52783.7224694 $313 3.7253398 
52793. 7225517, $314 3-7254215 
52803.7: 722633 


$28 03.7 «7227162;$316 3 37255850 


3-7249309 


3-72 55033 


3.7256667, 
3-7257483 
3.7255300 
3 72591161 


| 
| 


Num Logarith, ". 


— — 


3-72 59933 
3.7260749 
3-7261565 
3.7262 380 
2513-72631 90 
3.7264012 
713.7264827 
3-7265642 
3-7266457 
$339/3-7267272 
3.7268087 
(5332/3-7268g01 
5333 3.7269716 
$334'3.7270531 
$335 3-7271344 
$336 37272158 
$337 3-7272972 
$338, 3.7273786 


— __ 


| 


$349 37275413 
$341 3-7276226 
$342/3-7277039 
[$343;3- 7277852 
5$344'3-7278664 


$339 3- +7274599; 


Num 


5356 Z 


5357] 
5355 
5359 


5360 
5J36l 


5362 
5363 
5364 
5365 
536613 
$367 
5368 
5369 
$370 
$371 


15372 


5373 
5374 
$375 


5376 


5377 
5378 


5379 


5380 


= 
.7283406 5391 
3.7289216 5392 
3-72 90927 5393 
3.7290838 5394 
37291648 5395 
3-7292458 5396 
3.7293268 $397 
3+ 7294078 5398 
3-72. 9488 815399 
3. 7295697 5400] 
7296507 5401 
3.729731615402 
3.7298125{54093 
3.7298934, 5494 
3:72.9974345495 
3-73005 5115496 
3-7391 360.5407 
3. -7302168/5408 
3-7302977,5499 
3. 7303785! $429 


3-7304593;5411 
3-7305400 5412 
3-7306208;5413]3 
3-7397015 5414 
3.7307823'5415 


$345/3- 7279477 


$346|3.7280290| 
53471j3-7201101 
53481347281914 
$349]3-7282726 
$35913-7283538|53 
$35113-7284349 
5352]3-7285161{5 
($353]3-7285 972 
$35413- 7286784, 


| 


3. 7287595, 539 


5355 


F381 
5382 


5383} 
5384 

385 
5386 


$ 


0 


F3 
5389 


9 OO CC OO — 


3. 3.7308630/5416 
3-7399437 5417 
3-7310244 5413/3 
3.7311051'5419 
3-7311857 5420 


3.7312663'5421 
7137313470 5422 
37314276 5423 
3-7315082 5424 


CHILIAS's6. 


Logarithm. 


_—_— es 


3-7316693 
3.731749$ 
3-7315304 
3-7319109 
3:73199 
3-73207 
3.7321 524 
3.-7322329 
3-7323133 
3.732393 
3.7324742 
37325546} 
3-7326350, 
3-7327153} 
3:7327957 
3.7328760 
3-7329564 
3-7330367 
3-7331179, 
3-7331973- 


3-7332775 
3. 7333578, 
3-733438 
3-7335182 
3-7335985 
3.7336787 
3-7337588 

.7333390 
3-7339191 
37339993 
3-7349794 
3-7341595 
3-7342396 


14 
Z- 


Num 


| Logarithm.| 


3:7344798 
3-7345598 
3-7345 398 
3-73471 98 
3+ L 1247900 
3-73487 98 
$432 3-7349598 
5433/3. .7350397 
$434/3-7351196 
3435 3-7351 995 
$43513-7352794 
5437. 3+-7353593 
54383. 7354392 
15439 3-7355191 
15449 3- +7355989 
5441|3-7356787' 
5442 3-7357585 
[5443/3-7358383 
5444'3- 7359181 
5445 3-7359979 


54463. «7360776 
$4473. 7361574 
015448 3-73623711 
54493: 7363168 
54503. 37363965 
545113+7364762 
545213.7365558 
$45313-7366355 
$45413-7367151 
$455Þ-7367948 
_ 3.7368744 
45713-7369540 
545® 


5426 
5427 
5428 
5429 
$430 


3+7343197 


3-7315888'5425 


Og 2 


"3:7343997 


3+7370335J 
5451-73 M£31 


$469 3-737192& 


| 


Num 


5461 [13-7372 722 
5452 3.7373517 


154950 3. 3.7 375596 


amy Logarithmn. 


5453] 3.7374312 
5464/3. 7375107 
5455'3-7 37 3992 


$457 3-7377491 
5468 3. 7378285] 
5459 3. 7379979 


5473, 3.7382254 
5474 3-7383048, 
5475/37; 7383841) 


5476 3. 3-7384634'551 1 3:7412304 


$477 3- 7385427 
5479 3.738701 


5481[3.7388598 
5$482/3.7389390 


15483[3.7390182 


5454 3.7399974 


[5485|3-7391766 


5478 3. 73862205513. 3.741 3880 


5480 3.738780615515 3-741 5455 
9815516 3: .7416243 


CHILIAS. 6. 


Num Logarithm. | Num Logarithm. ;Num Logarithm, 


3-7492467|5531 (3-7425037(5566 3-745 5432 
3+ 7491257) 5532 « 
3+ 7492047 ($533! 3-7429507|5568 3*7456992 
$499/3-7492837 5534 3-7430392]5569 3-7457772 
5509 3. 3+7423027: 5535 3:743117515579 37458552 
550113. 3.7494416|5536, 3. 743196115571 3-7459332 
5502.3. 742320913937 '3. +7432745($572 3-7450111 
5533 374335305573 3-7460890 


5496 
3497 
5495 


5593 3-74935995| 
5504 3.74957384 


| 


15470 3-7379873'5505 37497 57345542 /3:74350- 
5471.3. 3-7380667,5505 3-749836215 541|3- 3.743588 
$472 3.7351 451, 5597 3.7499151155421 EN 7435665 


5508 3.7409939! 
5599.3+ 7410728; 
$5103. 3-7411516 


| 
| 
5512 3.741 3092 


5143. .7414668| 


13+ 742 8822 


553913: 7434314 


$543[3: 2743744 
5544'3-7438232 
5545, 37439015 


85575 3:7462449 


95578 3-7464785 


5567 3-7456212 | 


5574 3-7451670 


5576 3-745 3228 
$577 3-745 4006 


5579 3-7465564 
5580 3.7466 342 


_ 7439799] 


547(3+7449582 
05548 
$549] 
5550 
$551 


3-7441 365 
347442147 
3-7442.939 
3-7443712 


$517 ,3-7417030 
$518,3.7417817 
$5193. .741 85604 
$520/3.7419391 


5486 
5487 
5458 
5439 


3-7392558 
3-739335 

3-7394141 
3+7 394932 
3-7395723 


552113.7420177 
5 $22(3.7420964 
552313-7421750 
$524/3-7422537 


5525[3:7423323 


$552 
5553 
$554 
5555 
5556 
$557 
5558 
5559 
5550137450748 


3-7444495 
3.7445277 
3-7446059, 
37446841 
3.7447622 


3.744915 


bh 
5491 
[5492 


3.7396514 
3. 739730] 


© 
”r) 


4 
b494þ.7 73 386 
549513739967 


5526,3.7424109 
5$527|3-7424895 
5528(3.7425680 
5529,3-7426466 
155301. 7427251 


$56343-7453091 
556413-7453871 


'5584 3-7459454 


3.7448404/ 
3 +744 9967, 5594 


556143. 74515295596 
$56213-7452310, 


5565! «7454652, 


55 5531 3.7467120 
5582 3.7467898 
5583 3-7468676 


5585 3-7470232 
5586 3.747 1009 
$587,3-7471787 
5588/3.7472564 
558937473341 
$599.3-7474118 
559113. 7474995 
559213-7475672 
5593]3-7476448 
3.7477225 
3:747800J 
3-7478778 
3.7479553 
3-7480329 
3.7481105 
3. .7481880 


5595 


5597 
5598 


$599 
F600 


CHILIAS & 


Ds. 
3-7432656 


Þ 


3.74965 31 
713-7437306 
3.7438080 
3.7453854 
3:7489029 
3-7499493 
3-7491177 
3.7491 950 
3.7492724 
3-7493498 
37494271 
$64 73+7495044 
$6181]3.7495817, 
$61513.7496590 
1562c 3-7497363 
562113.74981 36 
562213.7498908 
15623]3.7499681 
:$62443.7500453 
3625]3-7501225 
$626]3.7501997 
($6271]3.7502769 
562813.7503541 
'$G2 3-75J04312 
$5303.75050B4 
$631]3.7505855 
563213.7506526 
$63313-7507398 
$63413-7508 168 


937 


5546 


nr 


53936 


55638 


E=REG== 


5671 
5672 
5673 


3.7509709 
3.7510480 
3.751125] 


5639 
5640 
5641 
5642 
5543 
5544 
5645 


5647 
5648 
5649 


6FI 

5652 
5653 
5654 
5655 
5656 
5657 
5658 
5659 
5660 
F661 

5662 
5663 
3664 
F665 
5666 
5667 
5660 

5669 


5635 3-7508939 


3-751 3561 


3.7512021 
3.751279] 


13574 
5575 
5676 


Logaruthm. 
3.7536596 


3.7538128;5708 


5754942415711 


5977 
5670} 
5679 


3+7514331 
3-7515100 
3-7515879 
3.7516639 
3-751 7429 


— — — 


3-7522022,4687 
3-7522790 5688 
3-7523558 56$9 
3-7524326 5690 
3-7525094 5691 
3-7525862.5692 
3-7526629 56931 
3-7527397 5694 


| 
| 


/ I 
3-7325164 5695} 
3-7528932/56g6 
3-7529699 5697! 
3-7530466|5698, 
3-731 232/5699! 
3:7531999'5700 


13-754271915714 


3-7541 189]5712 
3-75419541$713 


4 
1 


5718 
F7IS 
F72C 


«7543777 


| 


3-7543832 
3-7549596 
37550359 
37351123572 
3-7551886 
3-7552649 
3-7553412 
3-7554175 
37554937 
3-755579915731 
3-75 5646215732 
3-7557224/5733 
3-7 557987;5734 


5730 


3-7532766|5701 | 
N7533532(5702 
3-75 34298|5703' 
3.753506515704; 


$670 


3.7535831 


I570513.7562556.574 


3-75 587495735 
3-7559510.5736| 
3-7 560273 5737 
3-7561034 5738 
3-7561795 573$ 


3-7538893[5709 
3-753965N5710 


Nu Mm, Logarithme 
F706 —_— 
3.7537362{j5797 


3-7563318 
3-7504079 
3.7564.840 
3.7565600O 
3-7566361 
$.7567122 
3.7567882 
3+7568642 
3-756 9402 
3:7570162 
3+-75J570922 
3.7571682 
3:7572441 
3-757 3201} 
3.7573960 
3-7574719 
87575479 
3-7576237! 
3.7576996} 
37577755 
3-7578513 
37579272 
3-7580030 
3.7580788 
3-7581546 
3-7582304. 
3-7583062 
3-7583819 
347584577 
3-7585334 
3.7586091 
3.7586848 
3-7587605 
3:7588362 


} 
j 


| 


| 


3-7589119 


CHILIAS 


7 


Num 
$741 
$742 
$743 
$744 
5745 
5745 
5747 
$7413. 
5749/3: 
5750 


Logar ibm. | | Nun 


un Logarizhm.[X {Na: — 


'K 7589875 5770 7616272581 113 
$.75995321 577713 -J6170245012 
3.7591388|577813.751777515813 
3-7592144\57793- 7618527, 5814 
3.7592909(578013.761 9278 3815 
3. 7593550 $781} 3.7520930'5816 
3, —_ £817 


— ON COD rar - <a ——_ > cw 


5751 
$752; 


5756. 
$757 
5758 
5759 


$761! 
5762 
$763, 
15764 


3. 7597434157863 7623784 5821 


3.7642509 
3-7643256 


Dogeriim.| 


3-76 449093 
3-7044759, 
3 7645497, 
3. 7640244 
3-7646991| 


Num 


5845 


5347 
5848 
5845 
'5850 
5851 
[5852 


"F 76477375853 


3.7648484 
3+ 7549230, 


3.7598189\5787 3.7624535/5822 


3.7601 208, 579113. 76275365826 13.76 
3.760196215792,3 376282865827, 
37602717 $7933 -762.903515828; 
3760347115794 3-7629785 5929 


EN 3.760497 57 9613- 7631284 
3.7605733157 9713-76 32033 
3.7605486]57 98]3-75 32782 
3-7607249579913-7633531 


5832, 


——— -——} ——D*"*_—— 


535 
585513 


3-7649976, 5856 


3.7650722 5857 


57533.7598944/57883.7525285/5823/3.7651468 5858]; 
$754 3-759969915789 3-7526035 58243. 7652214 585913 
$755 3-760045315790.3. 7626786582513. 7652959 5860] 


37653705 5861 
3.7654459 5862 
37655195 5863 
3.7655941}5864 


3.7657430, 
3: 7658175, 


5760 3:760422515795}3- 3-7630534 5930 3.” 7656686 $865 
5831]3.” 


586613 
5867]. 


583313. 7658920 5868[3 
5334 3-7659664 586913 
15765 3-7607993[580013. 3:7534280.583 513-7 7660409, 587013 


$766[3.7608746]5801]3.763502.9'5836 3. 3-7661153j5871[3 


15767; 
1576S, 


5769 


15771 
[5772 


$773 
5 


T1) 


5770 


774 


3.7509509580213.763577" 5837/3 
3%7610253]5803[3-763652 
3.761 1005]580413. 26372745839 
3.7511758|580413.7638022[5840 


3.7612511]580613.7638770j5B41 
5842/3 


Q 


3.7613263[580713.7639518 
3.761401615808[3.7640266j584.3 
3.7614768[58093.7641 01415844 


3.7661897 


3.762642) 


37663385 
3. 76564128 
3.7664872 

7665616 
37666359 
3.7667102 
37667845 


713+7691557 


| Logarithm, | 
3.7668588 
3-7669331 
3-7670074 
3.7670815 
3-7671559 
3.7672501 
3-7673043 
3-7673785 
3-7674527 

3-7675269 
3. 3.7676011 
3-7676752 
3-7677494 

7678235 
3-7678976 
3-7679717 
3.76804 58} 
3.7681199 
3.7681 940 
3.7682680 


— ——— —— 


7683421 
3.7684161 
.7684901 
7685641 
3.7686381 
3.7687121 
3.7687860 
> 688600 
3.7639339 
3.7690079 


3.7690818 


3.7592296 


4 769303 5 
3-7693773 


3.7615520 5810]. 764176115845 


I 


Nam) Logarithn. Vu mn Logarithm, Nun 
588113.7594512 5916 3-7720282/5951 
5882[3.759525c[5917 3-7721016/5952 
5883]3.7595988}5918 3.7721759,5953 
5884[3.7596727159193-77224835954 


CHILIAS 7, 


Logarithm. {Num Zovarithm. 
3-7745899'59853.7771 367 
3-7746629 598713.7772093 


3-7748033|5989(3.7773543 


5891 3.7701890 5926 3-7727616, 5961 
5992 3.7702627|5927 3-7728349, 5952 
5893 3-7703364\5928 3.7729082/5963 


(5894 3.7704101j5929 3.7729914'596.4#3-7755376 


($895 3-779483815939 3-7739547/5965 


5898 3.7707048 5933 3-7732743/5968 
5899 3-7797784 5934 3-7733475/5969 
5900 3-7708520,5935 3-7734207, $979 
5901 !3-7709256(5936 3-7734939597 1 
5902 3-7709992.5937 3-7735670, 5972 
5903 3-77 10728 5938 3.7736402/5973 
5904 3-7711463,5939 3-7737133[5974 
S905 3:77 121995940 3-773786415975 


$906 3.771293415941/3-7738596|5976 


5907 3-7713670,5942,3.7739326|5977 
15908 3.7714405[5943 3-7740057|5978 


5909 3-771 514015944 3-7740788|5979 
59193.7715875]5945/3-7741 5195980 
771661015 9461}3.7742249,5981 
9912137717344] 4713-7742979,5982 
$9133-771B07g15948[3.7743710,5983 
$914-7718813]594913.7744440 598 


$88513.769745 555929 3-7723217.5955[3-7748818[599013.5574268 
þ.7 174993 


5386[3.7698203[5921 3.7723951/5956{3-7749547]5991 
«7775715 


538713.7598940]5922 3.7724584 5957/3-775027615992 
5888/3.7699578(5923 37725417, 5958(3.775 1005 
'5889/3.7709416[5924 3.7725 150 595913-7751734'5994'3.7777167 
$399 3.77911 53/5925 3-7726884 59693-77524535995 3-7777892 


896 3-7795575,;5931 3+7731 279 5965[3.7756832!6001 '3.7782236 
5897 3-779531115932 37732011 5967, 


$99373-7776443 


13+-775319115996'3.7778616 
3-7753920,9997 3.7779340 
3-77 546435 998.3.7780065 
5999 3.778078g 
{3-7756194/6000 3.7781513 


——— 


—— es es 


3+-7757560.6002 3.7782960 
3-77 592886003 3.7783683 
77S gcednong 3.7784407 
£-2269743 6005 3.7785130 


3-776047 1,6006 3-7785853 


3-7761198 6007 3.7786576 


3.7761925 6008 3.7787299] 


3.7752652/600g 3.7788022 


377033795010 3.7788745 
3-7764106{601 1 3.7789467 
3-7764833,6012 3-7790190 
3-7765559,6013 3.779091 2 


12 ligs «7772818 


| 


_ 


3-7766286 6014 3.779163 
3-7767012,6015 3.779235 
3-7767738 6016 3.779307 
3-7768464.6017 3.77938 
3-77691 90 6018 3.7794522 


91513.77195471595013.7745170 5985! 


3.7769916 6019 3.7795243 
3.7770642 6020 3.779596 


— - — 


 fnry 


6021 
$022 
$023 
6024 
m—_ 
$926] 
6027 
6028} 


Logart: bn. NY un, L,97 [7.4 ithim m1Nu by 


3.77 36686 
3.77: 749d 
3.7798129 
3.7798350 

3» 779957! 


3. 7800291 | 
3.7801012Þ 


3. 7801732 


6029 
6030 
6031 
6032 


| 


3.7802453 


3.7803893 
3.7804613 


6033 
6034 
6035 
6036 
6037 
po3s 
- 6039 

= 


OO — — 


3.7805333 
3.780605 3 


| 


3.7805773Þ9 


3.7807492 
3.7808212 
3.7808931 
3.7809650[{6 
3.7810369 


Or ID gy CEC 


3-7803173Pc 


5043 3. bes 


| 
6045/3-78 
6046 
(6047 

048 
6049 

OFO 
GOFI 
6052 
6053 


60443-7313245 


[3-7813963 
3.78145$1 
3-7815400 
3.7g16118 
3-7816836 


3.7818272 
3-781898g 
3-781 9707 
3-7820424 


3-7817554 


—— HH .- ao” 


59551 
3057 
5055 
6059 
$050 


| 


CHILIAS 4, 


3.78218595091 
3.7322575/6092]3 
3.752329 36093 
3.782401 35094 
(3-78247 266035] 

3.782 5443 6996 
oy Sas 
3.7826876'6098 
tote 099 


375283086100 3 


— _————— -_——  _-_ 


3. 7829024610113. 7854010 $136|3.7 
-78297496102/3. 7654722 $137 


immer mages 
3.7831171(5104. 


7013-79318876105 


3.78326092161 06 
3-79333186107/3 


Po? 

074; 
6075] 
6076: 
6077. 
6078: 
6079 
60B0O! 
60$1 
6082 
60B 313 
608 84 
6085 

5036 
C089, 
5088 
508g 


= 


5513.7321141 


[3.784260 


4 .7834033/5108 
3. 7934748510 

3+-7< $35463|6110 
373301786011 
'3.7836892'6112 
3. 78376076113 
13.7838321{6114 


[ 


3.7839036611 513 


3. 3-783975067 16 
3, 784046461 17 

.78411786118]3 
3.7841892/6119 
120 
3.7843319' 6121 

7844033 122 
3.7844746 
3.7845460 


6090 


3-7846173 


| Logarithm, (Num! Logarit hm, 
3. .7846886 126, 


3.78475996127 
3-7845312 


3 7849737}$130/5 
3. 78504506131 
3.7851 (6216132 
3.785174 6133 
37852586 5134 

3.7853298, 6135 


3. 7855434 6138]; 
3.7856145/6139]3 
ve 7856857, $149 
37857568 5141 


7858279614213, 
3.7858990 614313. 
3.78 9701 '6144 y 
3.78560412 614513. 


128 


3. 7849024512913, 7873896 


3» 7871770 
3-7872479 
3-7873188 


3+ +70 974605 
3.7875313 
3.7876021 
3.7876730, 
3-7877438) 
3-7878146' 
3-7878853 
3. 7879561 
.7880269 


3. -7880976 
3.788168z 


3. 3-7861 124 6146|3.71 


3.7861833 6147 2 


'Þ 7862544 6148 ; 
3-7863254 6149]3. 


3-7863965. 66 5o3. 888 


3.7864675 6151 


3. 7865385 6152 : 

.7866095 (6153]3. 
3.7866805 61 5413. 
6155Þ. 


37867514 


3-7868224 
3.7868933 
3.786964 3; 


615613. 


6157ÞB. 
615813.78 


615913. 


3.7870352 
3.7871061! 


6160 


vllendhbo minch-f 7, 


163'3.7897922 
164/3. 7898626 
6165 /3-7899331 
6166 3-7900035 
167/33; «7900735 
P1603; «7901 444 
6169/3. +7902 1 4d 
6170/3. 702852 

«7$SO3535 
3-7904255 
3-7$04963 
3+7905666 
3-7 7906 37C 
3.7907073 
3.7907776 
6178]3.7998475 
6179/3-79091r82 
6180/3. 3-7909885 


171 
6172 
173 
6174 
6175 
6176 
6177 


5202 
3203 
3204 
9205 
3.206 
9207 
6208 
6209 
6210 
6211 

6212 
6213 
G21 


621 513.7934411 $250j3.79588 


3. 7928817 6242/3 


3-79309166245'3. 795532 


3-79316156246\3.7956020 
3-79323146247|3.795671 


6181 3. 3.791 0587 


6r83(347911992 


5188 791 5503[622313. 


61$9|3, 79162 


— 


27 3-7936 507.6253 3.796088 
(3. 7937206625 
122013.75 7937904 


-a 


3+ 


q 


; 


— —— R_ j 


6196{F7921 1 FO 3. 7945378 6250 3. 3969304 
6 1 9713-7921815 6232'3.7946274 62671379795 
61 98[3.7922516 6233! 37946971 626813.797129 
5199]3.79232166234/3-7947668 6269[3.7971 983 
5200/3. 79239176235 3+ 7948365 6270/3-797267 
$20113, 7924617 6236 4. 764.506 1' 6271 3. .7973368 
3-79253186237'3.7949757 627213.797406 

-7926018 6230'3.7950454 627 3]3-7974753 
3.7$267186239 3.7951150,627q13:797 544 
3s 792741902403. 7951546 
3. 7928118 186241) 3-7952 542 


6275 


6279 37973905 
452803. 3.7979590 


06281 
6282 


3.79330146248}3. 7957419628313, 
37933712 6249}3.7958105/6284 


od 


= 3-" 


62161]3.79351 1106251 3. 79554556286 
2173.7935309 6252}3. 7960106202 


7961579628913.798581 
625513-7962273j6290[3.7986 50 


'6276 3-7976825 
3-7953238627713.7977521 
3.782951 7 6243'3.7959433 6278/3. 7978213 
3. 79392176244 3.795462 9 


P—— 


3-7970137 


3.798236 


3.798512 


'CHILIAS: 7. 


Log -arithm. om. | 


Nuno; 
3013+ :7994995| 
bo 3-7 994754 
630,43-7995473 
6394ft3-7995162 
630513-799605 i 
6305 3-799754- 
630713- 7998228 
6308! 3-7998917 
6309 3.7999605 
6310 3. . 80902 94 
6311 3+ 3000982 
6312'3.890t679 
6313/3,8002358 
6314 3. 8003045 
6315 38093734 
6316, 3.800442 1 
6317 3.8095109 
318 3.8005796 
319 3. 8006484 
320 3. 8007171 


26/3.8011292 2.92 
3.8011 978 
3.8012665 


3.8013351 


3.801 47235366 


z. 8016095 
z3.8016781 


3913+ 8014037Þ365 


3.801 5409 


Num, Logaritb mn, 'iN Num 
533913. 801 ($1 52.6371 
533713.80! 8837,6372 
533313. 891 95226373 
53393.0020208 6374 
3493. $920593(6375 
3341[3.50215786375 
534213.80222626377 


Logarithm. A am. 
3. 804.2076 | 6405 
3.8042758 (6407 
3-$04343 9/5408 
3.8044121 (6.499) 
3 8044802! (6410 


3.8045483 6411 
3.8045164'6412 


534313- 80229476378! 
3344 
6343|3.$024316(6380 
5345|3.8, 80250016381 
5347\3+ 80256856382 
53453, .80263696383 
53493-80270536384 
535938027737 6385 
$35113.802842116386| 
6352/3.80291 05 65387 
6353/3.80297396388 
63543. 8030472 


6356/3. 80318396391 


63603. 8034571 


— ---- ————— 


__ 


6 


5362413. 8035937, 


636313.8036619 


636613. 380386666401 
36713.8039348 
636813.8040031 


3.8017466 


536913. 804071216 
6370 3.8041 394 


63573-8032 52246392 
6358,3.80332056393 
$3593. 80338886394 
6395 
636113- 8035254 6396/3. 
3 9713+ 
6398 
6364/3.803730216399 
536513. 3.8037984,6400 


6402 
6403 

404 
6495 


Togeribm. 
3.806586g 
3.8066547 
3-8057225|. 
3+ 8067903] 
nh 
3. 8069258 
3.8059935 


3.8045845 6413 


3.8023632 637913.8047526'641 43.807 1290 


3.8045207 6415 
3:8048887 641613 
3-8049568 6417 
3.8050248 6418 
3.8050929 6419 
(3.8051609 6420 
3.8052289 6421 
3.8052969 6422 
13. .8053649 6423 


389,3.8054329.642443.807805 5 
6355 3.8031156 6390, 


3.8055009 6425 
3.8055688 6426 


3.8058405 643c 
3. ohm 


— 


3.806451 3643 
3.8065191 44 


3.8056368 6427]z3.8080083 
3.8057047 6428[3.8080759 
3.8057726 642913.8081434| 


3. 8070612 


3. .8071 957 
.8072643 
3.807332 
3.8073 997 
3.8074674 
3.8075 350 
3. 3.8076027 
'V 8076703 
34907737 


3-8078731 
3.8079407 


:8082110 


6433[3.8084136 
3.8061121 643413. 8084811 
3. 8061 800; 6435].5085485 


3. 8062478 6436[3.808616 
3.80631 57]6437[3.8086835 
3.8063835|6438(3.308751 


3.808818 
3.8088859' 


3.8c 8092229 6450 


3.8092903 6481 
3.8093577 6452 
3.80942506453]3 
6449'3.8094924'6484 
6450 3.8095 5976435 
6451!3.8096270 6486 
64523. 80969446487 
6453 3.9097617 6488 
6454 3.80982 90 6489 
6455 3.8c 8095962 6490 
64563. 3-8099635 6491 
6457 3- 8100308'6492 
6458 3.81 00980 6493 
64593. .$101653 6494 
6460 3.8102325 6495 
'6461|3.8102997 6496 
6462 3. 81036706497 

463 3.8104342 6498 

45438105013 649913. 


| 
| 


| 


6455/3: 81056856500 3.81 81291346535 3-81 52456 


6466] 
64673. 8107029 6502] 

(6468;3.81 07700 6503] 
6469/3.81 08371 6504, 
6470j3:800904 3 6505| 
647 1 3: 8109714 6506 


6472[3-8 1103856507 
6473]3- 81110566508 
Jools 


| a 


{ 


6474[3-$111727j650g 
6510/3 


CHILIAS 7; 


Logarithm. [Num Logarithm. Num 


3.8089533647613. 3.81130686511 
3-8090207 647713-81137395512 
3. 8090881 647813.$1 14499 6513 
3.8091555 647913.81150806514 


3.81157596515[3 


— — 


3:81164206516 


81197606518 


3.$1184396519| 
3.8119109 6520 


3. 81197696521 
3.8120439652213 
3.8121108'6523 


3. 3.8122447;5525 
3.8123116 6526 
381237856527 
3.8124454 6528, 
3.81251236529 


3.81170906517 


3.8121778, 6524 


| Logarithm. 


PEaXEg_ 


3-81 36477554 


L ECTGEe 
3.81 38478 
8139144 


| 


3.81 42476 
3-5143142 


2-SIS 1797 


6 


657 


3. 813047065373. 315378516572 


3. $1311386538;3 
3. CO IOOInR 
431324736540 
33133141 6541 
3.8133808 6542 
3-$1 34475 6543 
3.58135143 6544 

.$1358106545 


H h 2 


3.8155113[657413. 
3-81 557776575Þ-8. 
3. 3.81 56441 5576}3. 
3-8157105]5 57713. 
3.31 57769[657813.8:; 


s) 
3.8106357 650115. 3.8129802/6536) 3. 3.8153120|6571 


3-8137 1441654]; 
654 
054% 
0550 
3:31 39811 65F1 
3.81 4047716552 
3. 81411446553 
3. $14181065543- 8165064 
6555'3-50165726 
65563. 8166389 
.$143808. 65578-$167052 
3. $144474 65583. 816771 
3.814514965593.816837 
3.81 45805 65603. 3.816903! 
3. 3.8146471 656113. 3.816970 
3. $147136 6562 
3+81 47801 6563 
3.81 48467 6564] 
3-$125792j$530/3-81491 32 6565'3.817234 
3.$126460'653113.8149797 6566'3.817300 
Ja 81271296532 3. -$150462/6567 3. 817367 
3. 8127797 6533 3.8151127,6568[3.8174331 
11656913:8174993 


by: 


8154449155731. 


Logarithm. 
..$159760 
816042 3 

$.8161087 

3-8161750 

3-0162413 

3.8163076 

3-8163739 

3-5164402 


8170362] 
þ:817102 
3.317168 


3-8158433[5579 


3.81 5909616580 3.818225 


LC HWILLIAS 7, 


Cogarichm.\N N am! Logarithm. Num 


Ze 8225955 5651 113. $5 xL0a7 


3.820792 


—_ _— —— 


3.8209236 656{3. 32.8232133 
3. 8209892 657/3- 8232786 
3 + 8210548 5658S 


3.32125140566113. 3-$235394 6596 
3.821317 56623. 8236046656 9713 
.$213325,5663/3.82 3659865 98 
3-821 4450 6564 3.82 373506699 
3. 8215! 135 6665/3.8238002[6700 


3515790 5666 3-6 


— 


Nun Logarithip. Nu: Nan 
531 3, 81929196616, 
6582 3. $1935796617|3 
$583 3. 818423916615 
534 3. 81348986619 
*2 818555816520 
6586 3, $136217.6621 
Grabs .8r 8687716622 
533.3.8187536\6523 
55893. 81881 9516624 
(5503. 3.8188354;562 5 
3.81895 136626 
2 519017216627 
3 819083165628 
3.819148 629 
3. 3-51 921484563013.5 
5595]3- 381928066631 3.8215790 6666 3. $238653(6701 
3. 819346566 32/3 .8216445 6667 3.8239305 6702 
3. 1941246633] 8217100 ,6668 3. 8239956, 6703 
|3- $1 94781166 34/3- 8217755; 6669 3- $2.40607. 6704 
* 3.81 954396635 3. 3.32 18409; 6670 3.8241258 6705, 
6601 3. 3.81 9609716636 3. 3.82 | 905.4 6671 3. 3-8241909 6706| 
660213.81 96755(66 37 3- 8219718, 6672'3.8242560 6707 
660313.81 9741 315638 3.8220372(6673'3.8243211 6708 
60413.819807146639 382210271667 4.3. 8243362 670g 
$60513.81 98728 640 3.8221681 G75 3- 3.824451 13 6710 


| 


5 561.1 3; laS0uy 6c 6646 3. SD EOTs 248475 5 F716 
123. 82033286647 3 8226257,6682, 3.8249065 6717 
6613 3.8203985 6483. 32269106683 3.8249715 6318 
6143.3204642|6649/3- 822756306 843 8259364 6719 


636 3.8251 
3.82956 11166 52;3.822952216687 3.8252313 
3.8207268Þ6653'3, $2301 756688 3.8252963 
654'3- 8220838'668g 3.8253612 
3.82 B2085 58015655: 3. 3.8231481(6590 3,8 82 
(5691, 13.8254910 
6692j3.8255559 
3. $2334386693 3.8256208 
3-82 112055659 3. $2 34090669 3. 8256857 
3.82 821 1859 56603. 3-82 34742. 6695}3- $257 _og 


3.8265283 


3.826657% 


Logarithm 


= 


254261 


3-82581 54 
.8258803 
3.8259451 
3.8260100 
3. 3.8260748 
3-38261 396 
3.8262044 
3.8202692 
3-8263349 
3.826398 
3.8264635 


3.326 5932 


3.826722 
3.826787 
3.826$519 
3.826 91664 
38269813 
—_ 
3.827110 
3.827175 
3.92724 
3.8273046 


615 3.8205298 6650;3.82282.16 5685 3-82 $1914 6720 


3327469 


CHILIAS 7. 


Fn 0m Logerither. Nam Logarithm, Nu Nun, Logarithm, Num £o arithm. 


$:8273339 5756 38296896 6791 

| 14.8274985/575713-8297539 792 
723'3- 82756316758 3.8298182 $793 
724 3. 8276277 6759: BG. 8298824 6794 
5726 3. 38277569 5761138300109 6796 
727. 3-827$214 6762 3.8300752 [6797 
6728 3.82788606763 3. -$300394(6798 
6729 3-8279505/5764 3.8302036 6799 
6730 3.52 82801 516765 3. 83026745800! 


[3+ 8319337 6826 3s 341663 
3.834 9977 6827 3.8342299 
3. 8320516828 3. 8342935 
3.8321255 682938343571 
9 8521895 6830 3.83 8341207 
3.8322534 6831 3.8344843 
3.8323173 6832 3.8345479 
3. $323812 6833 3.8346114 
3:8324450 6834 3.8346750 
3.8325089 6835 3.8347385 


6731 3. 8280796! 6766 3. $303328 680713. 83257286836 3. 3-8348021 
(6732 3.8281 4416757 Z3. 8303962 6802/3. 83263666837 3. 8348656 | 
'6733 3-8282085 6768 3.8304603 6803 3.8327005'6838 3.8349291 


6734 3: 828273116769 3.8305245 6804'3. $327643' 
6735 3-828337616770'3. 3.3391 394 5805! [3.8328281 
6771/3. 3.8306528(6806 3. 3832891958841 3-8351196 


16736 36 3+ 3-8284022 


6 
28116840 3. 3.8350561 


839 3.8349926 | 


6737 3-828466515772, 3. 830716 9f6807[3. 83295586842 3.8351831 


6738 3. $285310,6773/3. .830781 t (6808, 3.83301 95 
6809;3.8330833 


6739 3-82$5955(6774 3.8308452 


Ir 3.8352465 


844 3-335 3100 


6740 3-828659916775 3.8309093 [6810 3.8331471 6845 3-8353735 


—_— CC nm—rwm___— 


6741/3- 3-8287243j6776 3.8309734 631 1'3.8332109 


6742 3.828788716777 3. $310375 6812/3. 
6743 3-828853216778 3.8311016 6813/3, 


6744 3- .$289176]67793.8311656 6814'3 8334021 
(5745! (3-828982016780 3.831 2297 681 15/3. 2 234099 


6745! 3. 3.82 90463(6781.3. 8312937, 6816 
674713-$291 1971678213. 8313578 6817/3. 


(5748 3829175116783 3-8314218 681813. 
6749|3-382.9239416784'3. 8314858681913. 
57593-8293038 6785/3, $21 $499 Rncp. 


6752 829432467873. 3.83167786822(z. 
oy 3. 22ers 3. 8317418682313. , 


75413-329561 116789j3.83 18058; 


67558-82962 5467 3.83186986825}3.8 


$46 3. 3.8354369 
6847 3-8355003 
6848'3. 8355638 
6849 3-8356272 
685033.8 8356906 
685113.8357540 
685213.8358174 
14 .8358807 
8359441 
85; 3.8360075 


824 


685613.836070 
685713.8361 341 
685813.3361975 
o&85 of3. 836260 


68603.9363241] 


en 


_— 


Nam Logarithm, 
6851 3,836 5874: 
$62.3.8354507 


6853.3, 8363149 
6354-3: 8365773 


65553 


Z .$365495 


(6356 4.95 »3567 038 


(6857 3 


58583. 8368393 


3 $3676 70! 


$593.8368935 
'687 703. $369567 


6871) 3.8370199 


6872. 
6873 
6874 
6375, 


'6875 


'6877 3.8373990 


'6878; 


3.8370832 
38371463 
3-8372095 
3-837 2727 
38373359 


8374622 


68793. 3375253 


6889 SJ 8375884 59153 

.6881]3. $376510[5916 

'6882 3. 837714715917 

6883]3.8377778[5918]3- 3399806 695313542172 
6884 3. 83784991591 9 

6885|3.8379039 9203-0 54.91 OG1 0255 3+ B42 
688613.83796701592 1 

658713, 838030115922 

'6888]3. 838093115923 
6889/3.8381562P59924/3-3493571 6959! 

6899 3-3382 1921592513 184 8404198 6960! 

6891 3.3382822(6926/3. 84043256961 [384267196996 3-$448498 
6392]3.8338345315927 
689313-8384983|59283.840 10795963 
2659413. 838471 31692913. 8406706} 964 

6895 3.833534315930'3. 34073326965 


Nam 


£22 


5901 
3 902 


9 903 
3904 


3905 
5906 
5907 
5908 


59Ll1 
3912 


991 3 


896 
8 9313. 


3899 
3990 


5909 
591013 


6914 


Þþ 838786115934 
3. -$38849116935! 
3. 83891205930! 


383897506937! 


3+ 83903796935 


x relan Fl 


mn Lagaritbes Num 1 Logarithm, 


966]3-84a9835| 
96713-8430458 
54/0513-54.31 081 | 
0 y6 913+ 64.31 705 
3.841046 5}9 97913 
5-54 11 0911597 | 

3-84-11 71 719$72]3-5433574 
138412343 697 3]3-84.341 97 
3-84(2909697413-8434519 


3.8391637.6940 


3.83941 52 6944 


3. Corned 
| 8413595 6975 

3. 3.8392266 6941 [3 84142296976 
3.83928395 6942)3.841.4545'6 977 
3-3393523 6943{3-841 5472 6978[3.8437310 
38416097 6979]3.8437932; 
.8394780694513. 8416” 698013. 8435554 
3.83954996946\3.8417343/6981 
3. 8396037 6947|3.841797 3 6982 3.843$798; 
3. $3965666948|3. 8418598 698313.84.40420 
3. 5397294 6949/3. 841 9223 6984'3.8441942 
3.$3979226950'3.841 9848 6985!3.8441654 
3.83985506951,3-8420473 6986, 3.8442286 
3-9399178695213.9421098 6987! 3-442 907 
2/6 988!3.8443529 
3-8400433 6954413 6422347 6989 3.8444150| 
2.97 116990 3.8444772 
3.84916846956(3.8423595'699113.8445393] 
3.8402316 69573. 8424220699213. 8446014 
3.8492943 6958(3.8424$44/6993;3.8446635! 
3.842 54686.994/3.8447256] 
3:38426092699513 244.7877; 


3. 840545269623; 8427349699713-$4491 19) 
3-8427964 6g98[3: Dedes 

3.84285886999]3.84.5036 

3384292 11;900cl;3. 8450989! 


3-5432328 
3.$4.32951 


3-843 5442 
3.8436065 
3.84.36687 


3. 8439176 


—— 


CHILIANS 8. 


7001 3.84.5 1601 

002 3.845222; 
7903 3-84.52541 

004 3.845346! 
(7995 3-8454951 
7006[3.8454701[7041 
709713.8455 321 
7008[3.8455 941 
7009]3.8456561 
701013.84 8457189,7045 
7011 3. 3-3457800,7046]3 
7012 3.845841 97047 


7016 3. 38450896 7051 
7017 3- 84615157052 
7018.3. $4621347053 

70r93-8462752,7054| 
(7020 3.84 $463371 7955 
7021 3.8463999 7056 
7022/3.84564608 7057 
7023/3- 84652277058 
7024'3.8465845 7059 


—— —_ _— — — 


7026 3.8467081 7061 
7027 3, 8467700, 7062 
[-028 3+ 846331 8 (7063 
1929 3-8468935, ,7064 
70303, 38469553 7065 
70313.8470171 5066 
7032 3.8470789.7067 

033 3.847 1406 7068 3 
0343.8472024-7069 


7035 38472641 7070 3-8494194 


79133: De 048 


7025 3.8466463 7060/3. 8488087 


70363. 8473258 7071 3. 8494808 71065 3. 8516252 
037 3:8473876 [7072 3.3495423/7107 3.85 16863 
7058 3.8474493 7073'3-8495037,7108/3.85 17474 
20393-84751 10.7074 3-849655 1[71093.8518085| 
7040 3. 18475727 7075 3.8497264/71103. 8518696 


3-8476343/7076 3.8497878[711 1 


7042'3.8475 960 7077 3.84984921[7112 
7943 
70.443.8473193 7079 3-849971 97114 


3.8477577 7978 3.84991 06[7113 


3: 3.8478810 7980 3. j.3500333 7ir5 


38479426, 7081 3. .$500946 7116; 
3.848004 3:7082/3.$501559 7117 
3. 848065 9/7083 3.8502172 71 18 
3. 8481275170843 $502786 7119 
3.5451 591 7085/388503399 7120 
3. $482507 7086 3. $504011 7121 
3.8483123[7087.3.$504624 7122 
3-8483739,7088/3.8505237 7123 
»B484353/7089'3.8505850 7124 
WP: .$484979/7000/3.1 8506462 7125 
3. 8485586 ,709113. 8507075 712613 
3.8486201;7092/3. 8507687 7127 
3.8486817 0933: 8508300 7128 


Nun Logarithm. [Num Logarithm. [Nam Logarmhm-|' 


3. 8519307 
3.8519917 
3.8520528 


3.8521 139 


13+ .8522970 


7121]3.8525410 


3.8521749, 
:3.8522359] 


3+ 8523580 
3.85241 90 
ot pes 


3.8526020 
3.8526629 
3.8527239 
3.8527849 

8528458 
3.852 9068 
3.8529677 


3-3487472[7094/3-8508912/7129 


84388662 
(3+ 8489277 
3. 8489892 
3.84.90507 
3.38491122 


CAE SV —ee — — ——ODCGC—C 


3-5491736 
3-8492 351 


6113.84 


: 


09913. 


3.84.93 ow 


7095'3: 3.8509524/713c 3.85 30895 
7096/3. 8510136 7131[3.8531504 
7097(3.8510748 7132[3.8532113 
0983.85 11 360,71 33]3.8532722 
8501 972/71 34/3.8533331 
71003.85 1258371 3'5 3.8533940 
710113. 85131957136 3.853454 
7102.3.8543807,71 37 3- 
3.849296 517103 3.851 441971383; 
1043. 8515030 71393. ED, 
105/3:88 1564171 403.85368; 


3.8530286 


$535157 
wh 5765 


CHULTA'S'S, 


arirbm. [Num m Logarethm. Num Logarithm, Nom Logarithy. 


71763; $558824/721113-8579955j7246 3-8600g8 
7177 3.855942 21213:858055 (7247 3+ 860158 
7178j3.8560923517213|3-8581159 7248 3.8602183 
71443- $539414717913.85506497214|3.3581761%7249 3.8602781 
7145/3-$5492227130 3.855f244 72153. 3.858236 37250 3.860338 
71453. $540530718113. $5518497216 3.8582965 7251 3.860397 
71473 85412387182 3.8562454 7217| 3.84383567 7252 3.860457 
714d 3, 8541 845;7183) 3; 85939597218 3-8584169,7253 3.8605177 
7149 3.85424537184/3.8553653 7219'3.8584770 7254 3-8605776 
7159 3. 3.85430507155 3. 3.355 4268 7220, 3 38585372 7255 3+ 8606374 
715113. 3-85436687185' 3. 3.8564872\7221 3. 3-8585973 7256'3. 3.3606973 
7152 3,8544275 7187 3.8565476 7222)3.8586575 7257 3.8607571 
7153 3- $544382.71883. 85660817225 3.8587176 7258 3. — 
71543-8545489,71893.8556685 7224' 3.8587777 7259 3.860876 
71553- 3.85 45096, 71903. 85672897225 £ 3.8588379 7260 3.8e 8609366 


7156 3.8546763 7191! 3. 8567893 7226 3.8588980 5261'3.8609964 
7157 3. 85473107192 3. 8568497 7227 3.8589581 7262 3. ——_ 
71583. 85479177193 3. $559101;7228 3. 8590181 7263 3-861116 
71593-85485247+94 3-$559704 7229 3.8590782 72643-86117 
71603, $5491 30,7195 3-8 3. 8570308 7230 3. 3.8591383 7265'3- 8612356 
7161/3. $549737,7196 3:8: :8570912:7231 3. 3-8591 984 72663. 3-8612954 
7162 3. $550343j7197 3-8571 51517232 3.85 92584 7267 3.861 3552 
7163 3.8550949;7198 3.85721 18,7233 3.8593185 72683.8514149 
71643.855155671993.857272211234 3. 85937857269 3.861474 
7165/3. 3.8552 16217200 3.8 3-8573325j7235 3-8594385,7270 3.861 5344 
7166 3. 3-85 527687201 3-8573928h12 36 3. 3-8594986 7271 '3. 3-861 5941] 
17167;3. $553374,7202 3-857453117237 3- 8595 5BO[72-72, 3.8616539 
7168/3, $5539807203'3.85751347238 3. 8596 18617277315 3617136 
wa. 4 8617733 
2/I5 3.8618 330 


— > — —— __ 


20s, 3. 3857604575 7241 3. 859798 


27963.8620717 
280f3.862134 


210.3-8579353 7245:3. 860038 


CHILIAS 8. 


Num| Logarithm. 


7282[3.8622507 
729313- 8623103 
72843.8623599 
7285 3-8624296 96 
7286/3. 862489277 
7287'3.862 5488 


7290 38627275 
729113.8627871 
7292 3. 86284567 
7293/3. 8629062 
7294 3- 8629658! 
N295'3- 8630253} 


— __ — 


72.96 3. 38630348 


7298 3.8632039 
72993-8632634, 
7300 3.86 .8633229 


728113. -$6219107316/3- .864273717351 3-8663454 73863. 8684093 


7297 3-863144.3| 


Noo Logarithm. [Num Logaruthm, Num Logarithm. 


7317 3-8643331[7352 3-$664055 7387 3.868468! 

7318/3.86439247353 3-8664646 7388 3.8685 26g 
73193-8644517]7354 3-3665236 73893.8685857 
7320.3-864511117555 3-5665827 7390 3.8686444 


7321 3+ 86457947356 3-8666417 7391 3. 3.8687032 


7324'3.8647483;7359 38668188 7394 3- 8688794 
73253-8648 on aSc 2-00 .8668778 7395'3.8689382 
7326'3, .8648669/7361 3.8669368 7396 3. 3.868996 
717327 3- 86492627362 3.8669958 7397j3.86905 56 
(7328 3.864985 517363 3.8670547 739813.8691143 
7329 3-8650447j7364 3.8671138,73993.8691730 
[7330 3: 3.86 51049,7365(3-86 8671728, 74003. 3-8692317 
7331 3-8651632/ 7366 3. 8672317,7401 3. 3.8692 904 
7332 3-8652225[7367'3.8672 907, 7402'3.8693491 
7333 3-8652817[7368 3.8673496(7403[3.8694077 
7334 3- 86534093693. -8674086/7404/3-8694664 
7335 3- 8654001 73703. 3-$67467517495]3- 3-8695251 


OO —_— —— — 


7301/3.8633823 
7302.3-8634418 
7303;3.8635013 
7304'3.8635608 


73053. 86362047340 


7322 3+ 8646297 7357 3+ .$667008 7392'3.8687620| 
7288/3.8626084 732 3'3- 8646890,7358 3. 8667598 7393 3- 8688207 
7289/3.8626679/7 


b 


73363-8654593[7371]- 8675264 7406[3.86958 


17337 3-8655185[7372]3.8675853/7407]3.869642 
17338 3.86$5777[7373]3-8676442/7408]3.869701c 


7339 3-865636917374Þ.8677031[7409]3- 26975 


7307;3-8637391 
730833. 8637985 


731113.863976 
731213.864036 
731318-864095 
731413-864155 


7306[3.863679773413-86575 52/7376 
17342[3-86581 44 7377/3-8678798h412'3.8699354 
7343Þ-8658735/7378/3-86793871741 338699940 
73993.8638580/7344(3-8659327 13793-8679975 7414 3-870052 
73103.863917447345 


.8678209þ141 1138698768 


8656961 0215p8677620 741 3.86981 82 


8659918 7380/3.8680564[741 5 53-8701 112 
34613- 8660509,7381 3.8681 15211416 3.8701697 
347]3-8661100,738213.868174097417 3.8702283 

734813.8661691[7383 3-8682732917418 3. 8702868 
349]3-8662282/7384/3. acn291717419 3.8 9 3-8703454 


731513.8642143 


350;3-866287 3'7385'3.868350511420 3.870495 
| Ii 


CHILI1AS 58. 


Num 
7421 
7422 
7423 
7424 
[1425 
17426 
1427 
7429 
7429 
1433-27 
7431 
7432 
7433 


3.8705209 


Logaruthm, um 


Logaruhm.' Nug Logarithm, 


3-$704624 7456! 
G42 
;.870579517453 | 
3.8705389 7459 
3. 8705965 7450 
3.8707549 7461 
3.87081 34 7452 
3.87083719 7463 
3.3709304 7464 
3.8709888 7465 


On ——— o 


3.8710473 7466 
3-8711057 7467 
3.871 164117468 


7434 
7435 


7437, 
7438, 


17440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 


7451 
7452 
7453 


[3:97 8712810, 7470 
7436(3-87133947471|3 


1439, 


; 8712226) 7469 


3.871 3978,7472 
3 871.4562. 7473 
3.8715146 7474 
3. 3.871 5729; 1475 
3. 3-$716313j7476 
3.8716897, 17477 
3-8717430j7478 
3.8718064{7479 
$.3718647,7450 


3. 8725059 7491 3.8745 398 
3.8725641'7492[3-874 5978 
3.8726224 749313-8746557 
3.8726805 7494\3.87471 37 
3.8727338 74951\3.8747715 
3 3-8727970 7490{3- 3-87432.96 
3.8728552 7497 3-8743875 
3-872 91 3474993.8749454 
3.8729716 ,7499;3-3750034{75 34'3-8779256 
3+ 87302987500 3.8 8750613!7535 3-8770833 
3.8730380 7501 3. 8751192 7536 3.8771409 
3.8731461,7592;3.8751771 7537 3-8771985 
38732043 750313. 8752349 7538 3.8772561 
3-8732625,75943-87529287539/3.8773157 
3. 8733206 7505, 3-8753507 7549 3-8773713 

3.8733788 7506; 3. 8754086! 754113- 8774289 
3.8734369 7507'3.8754664 7542'3.87748655 


| 


3. 8734950 7509 
3.8735531/7599 
3.8736112;7510 


—— — CF _— 


3.8736693,7511 
3.8737274:7512 
3.8737855 7513 
3.8738435;7514'3 
O13. 3.8739016 7515 


7449 
7452 


"—_ 
bs : 


3.871 9230 
3.8719814 
3-8720397 
3.8720980 


3-8721563 


7491 
7482 
7483 
7484 
7485 


3.8739597 7516 
3-8740177,7517 
3.8740757 7518 
3.8741338,7519 
3-8741918 7520 


3.8722146 
3.8722728 
3.8723311 


872447 


8723894 


7486 
7487 
7488 


— —— — — _ 


3.8742498 7521 
3.8743078 7522 
3-8743658 7523 


7489 
4.90 


3-87443818 7525 


| 


Nun 


—— 


152C 
7527 
7 520]3- 
7529» 
2539]3-3767950 
753 113-8768526 
7532/3+3769103| 


Logaritnm. 


13.8755243 
3. 8755821, 


3. 3.8756399 7545! 3:8776592 


3.8756 978 
3-8757556, 
3-87538134 

8758712 


(7533 3-876 9689 


= — — 


7543/3-0775441 
7544 3-8776017 


754613. 3.8777168 
(7547;3-8777743 
7548(3.8778319 
17549Þ- 8778894 


3. 3-3759290/75593-87 8779469 


3.8744238 752413 


3.875 9868 
3.876044 5 
3.8761023 
3.8761601 
3. 3.8762178 
3.8762756 
3.8763333 
3.8763911 
8764488 


3.8765065 


7551Þ- To 
755213.878062 

755313-8781195 
755413-87817709 
7555Þ: 5782345 
75561[3.8782919 


7557138784093 
755813.878406 
7559Þ.8784643 


156033. 8785218] 


CHILIAS 


8. 


Num 


7561 
7562 
7563 
7564 
7505 
7566 
7567 


7568 
7569, 
7570 
Ty71 
7572: 


7576 
7577 

578 
7579 
580 


— 


7591 
7582 
7583, 
7584 
535 
75863 


1588; 
7589 
7590 
7591 
7592 
7593 
7594 


[3- 8789811 
3.9790385 


7587, 3.8800701 
3.8801273 


13.8802 990 


Logaruthm. jNum 


38785792] 
3.8786367 
3.8786941 
3.8787515 
3.878828g[160 
3.8788663 
3.8789237 


: 
3-879095 9176 


3.8791532 
3.8792106 


3.87 94409” 
3.8794973 
3-87955465 
3.879S119 
3.8796692 


 ——_—_—___— 


3.8797265 
'3.8797838 
3.8798411 
3.8798983 
3.87995 56 
3.8800128 


- 
= 


Law 4 


3.8801 846 
3.8802418 


OOO e—— — 


7 


— 


- 


3.8803 562 
3.88041 347 
3.8804.706 


7595 


3.880528 


[7596 
7597 
7598}3. 
7599 
7600 
7601 
7602/3. 88092797637 
7603 


7613 3.8815558) 
7614 3. 88161297649 3. 9836047, 1763413 8855874 
76153.8816699,7650,3.88 36614 7685]3-8856439 
7616 3, 88172697551 "'S 8837182 7586/3. 8857004 
7617;3.8817840,7652,3.8837750, 768713.8857569 
7618}z, 88184107653 3. 8838317;7688, 
761 93.881 8980,7654/3. $838885{7689/3 
76203, 3838195 597655] 
762113.88201 2c 20,7656|3. 
7622! 


Eegaritbm.[N, 
3.8805850 
3. 8806421 
3.8807564 
3.88081 36176 35/3.9} 


3.880870717636 


7631 


7633 


3. 8809850/7638/3 
604 


7643! 


3. -$820689;7657 
623/3.88212597658 
3. 88218297659 


624 
62513. 3.8822398 7660, 


626 3. 3.8822968,7 66113 


71627 3+ 88235 37,7662 


Num 


7032/3 


7534 


| 


3.8810421 17639 
7605! 13.8810992 7649,3.8830934/7675[3- -8850784 
7606 3, 88115 563 63176413. 
7607'3.8812134,7642 3, 8832070, 7677[3-38851915, 
7573 3.8792686}7608'3.881 2705/764313. 8832639 767813.8852481 
7574 3-8793253[7609 3.881 3276; 7544 3. -8833207,7679]3-885 3047 
7575 3:8793826}7610/3.8 881 3847/7645, 3 38833775; 768 3-8853612 
761113, 88144177646, 3. -8834343; 7681 3. 3.8854178 
Te 
5530 


58841154 


'Num 
7666 


Logarithm, | 
3.8825815 
'3.8826384 
3-8826953 
3.8827522 
3-8828090|767 

3. 3.88286 59/7671 
3.882 9228}7672 
388297977673 
3.8830365,7674 


7668 
766 


8831502 1767 


7612.3. 8814988,7647-3.883491 1; 7682 


.$835479 7683 


3.8839452\769913. 


3.8840586 


3+ 8841 721 
3-8842.2 88] 


766713. 8846255 


| 


N um Log arirha, 
3. 8845588 
3-8846821 
3.847387 
38847954 
3.8848520 
3.5884 9086 
3-8849652| 
3.8850218 


3.8851350 


3.8 


3+ 8858134 
Pt 
8859263 
3.8859828 
38860393 
3.8860957 
3-8861522 
3.8852086; 


.88428F5| 


3.8843421 
313-8843 988 


7696 


769 


6293. 882467 766 


76303, 8825245: 7665 3. 8845122} 


[i 


3-8844555 


7697'3.8863215 
3/3. 
Teal, $864345 ' 
77003; 


3.8862651 | 


þ 


8863779 


-— — 


8864907 


2 


CHILIAS 89. 
Num|Logaruthm. Num 


—____w———— 


Nam Logarithn. Logaric hm. Num Logarithm, 


7701}. 8865471 117735]. 88851551777 1[3.8904759 7806 3.8924285 
7702/3. 885603577 3713. 888572617772] 3.8905328 7807 3.8924842 
190313, 8866599 7738}. 8886287,7773! 3. 8905887 7808 3.8925398 
1504/3.885716; 739]. 8386345 7774,3.5996445 7509 3.8925954 
n9C «1 5He j oings 4d M4. 388741 927779 EX 3. 0907004 7510 3, -$926510 
T2..82 oct 413.889; 71 7776); ;.8907562 78 1 13.8927066 

386 3888531 7777 3.89081 20.781 2'3.8927622 
1950813.886941 1743 8889092 7778 3.890367 97813! 3. 8928178 
FE 912 » 59 9$Yy90Þ7 74413 5859953 77 19 3« .89092 38 78143. 8925734 


C ; 
, W- © 


7710 


7912 
7713 
7714 
7715B 
7716; 
1717 
#18 


771113.8871107 


3.95795 44 
3.8871670 


3.88722 33 
- 8872796 


3.38875048 


38873359177 


3.8873 922] 
3.887445}7752 


7745 
7746 


3+ 88902 14 7750/3, 89097 96 7815 3: 8929290 


—— 
— - 


3.8894698 7750 


3-8890775 7781}3, 8910354 816! 3.892 9846 
113-8891 336 779213, 
3.8891896 7783/3.891 1470 78184, 8930957 
* 8892457778413. 8912028 78193. 8931512 
3. 3.8893017 7785}z. 8912586(7820'3. 8932068 
3.8893577 778613.8913144-782113-8932623 
3.8894138 7797 3.891 3702:782213.8933178 

3.8914259,7823(3-8933733 


781713, 8930401 


77193. 8875610775413.8895258 778913.8914817 7824'3- 8934289 
77203.8876173[7755]3-3895818 7792-891 5375/7 82 5Þ- 3924045 
7721 3 9935398 


| 3.38876736 775613.8896 378: 7791 3. 8915 5932] [326 
1722/3. 8877298[7757]3.8896938/779213. 89164891827 3.8935953 
17233 88978607758þ.8897498; 7793}3- 891704717828 3.8936505 
7724/3.8878423[7759Þ-8898058;77941[3.891 760478 29Þ. 8937063 
772 53.38878985 [776013.889861 717795 3.8918161 7830/3. 3.8937615 
17263- 887954717761 3.8899177/7796 3-891 8718[183113.8938172 
772713.88801 09ſ776213.8899736{779713.891 92751783213.8938727 
7728. 7798[3.891 9832[7833[3-8939281 
3.890085 5177 $34]3-8939836] 
7730 | 80013.89209461183513-8940390 
7731 IF $235 776613. 8901 974180113. .892150311836[3.89409 
5 8902533 80213. 892205 783713. 894149 
813.8903092[780343.892261 . 894205 
3-3903651ſ780aſ3.8923173 839Þ- 8942607 
3.9904210780913.891372917840{3.8943161 


7841 
1842 
7843 
7944 
7845 


7850 


* 851 
7852 
7953 
7854 
7855 
[23563-85 
7857 
7858 
7859 
7860 
7861 
7862 
7863 
7864 
7865 


—_— 


Num um| Logar ithm. ,Num! 


CHI 


LIAS 8: 


ary oe 


— —O'—_ __— 


3-8943715 


3- 3944259, 7 


3.8944322;7 
3. 8945370, 
3-3945 


71845 3.8946483/7581 
7847 3-8947037175S2 
7848 3.8947599.,7883 

78493. $9481 43173841; 


3.5945697 
3.5949250 


3.89498037887|3.8969: 18 


3.8950356 
3.8950909 
3. 3.895 1462 
3. 8952015 
38952568 
8953120 
3.8953673 
3.895422 5 
3.8954778 
3.8955330 
3.8955883 
3.38956435 
3:B956 98775 


7866} 


3.8957539 


7867 
7868 


[7 


7871 


973 


569.3.895 91 95 
(78703.8959747 


(7872. 3.896085 1 


17875 3.8962 5061 


3.8958091 
3. 8958643 


.8960299 
3. 8961 403 


178 74.3. Bg61 954 


22 97830 


Wo 
—y 


mj Logarithm. 
3. 8963058 
3.3963608 
;3.3964160 
[3-396471 1 
13. 39g5262 
38955813 
3.3966 364 
3.8966915F7 
3.5967.466 
788513. 8968017 
7886'3.8968568[ 


7376 
$77 
87% 


— — 


N um 'Logar r1thn, Num L Logarithm. 


791 11/3; B982314/7945 3:9 9001486 
7912(3.5982 8637947 3.9002032 


7888'3.8969669 
788913. 8970220; 
7890/3. 8970770 
789113.9971320, 
7892 3- 8971871 
789353.8972421 
7894 3- 897297! 
7895 3-8973521 
7896 3.8974071 
897 3-3974621 
7898 3.8975171 
7899 3.8975721 
7900 3.8976271 
7901 3. $976$21 
7902 3. 8977370 
903 3. -8977920) 
7904 3.898469 
7905'3-3979019 
7906 3. 3-8979568[794 


791 33- 8983412, 7948 3. 9002579 
791 4'3.8983 960, 7949 3-9903125 
791 5:3. .8984509' 7950 3.9003671 
7916;3.8985058 7951 3.9004218 
7917.3.8985606 7952 3.9004764 
318 3.8985155 7953 3-9005310 
791 93-8986703 7954 3-9905856 
7920/3.8987252 7955 3-8906402 
92 113.8 8985800 79563. 3-9006948} 
7922/3.8988348 795713-9007494 
792 2313. 8988897 7953Þ- . 9008039 
792413.8939445 7959]3-9008535 
7925]3.8989993 7960]3.90091 31 
7926|3.8990541 796113.9009676 
7927 3:8991 089 796213. 9010222 
g23]3.3991636 796313. 9010767 
792.93.3992184 796413.9011313 
79393-5992732 7965]-9011858 
7931 3.8993279 796613.9012403 
7932]3-38993827 7967]z.902. 948 
7933138994375 79683.901 3493 
3.8994922 7969|3.901 4038 


7934 
7935]3:3995469 7970 
7936 3-8996017[1971 
7937/3-3996 56417972 
7938, edbas 973 
79393- 39976587 974 
79408. 899820517975 


3.901458] 
B.go1 5128 
«901 $673 
.9016218 
3.9016762 
9017307 
3-9017851 


7997 3.89801 17] 
7908.3.8980667 
909 3. $081 216 


919 3.898176)5 


7941 


7 


[3-89987 52/7976 
7942 -8999299,7977 
(7943]3- -8999846| 7978 
7944 3.9000392 (7979 
794513. 90009397980 


3+ .9013396 
3: .y01 8940 
3+ got 9485 
3-902002gl | 


CHILIAS' 9 
(Nu Mi Logevith », Num Logar withn, Nun \ Logarithm., "Num == 


OO —— 


73813 «$020573 8916 3.90395 — $031. 3. 9058498 $o8613. 9977337 
-982|3.9021117 8017|3.99401 198052 3.905 9038 508713.9077874 
[7983/3 3.992 1551 8018 3.5040551 8053 3.9059577 308813 9078411 
7984. .9022205 8019 3.9941202 $054 3-9060116 8089)z. 9078948 
(798513.95 9922749 $920/3.9041744 $055/3.99506 56 8090/3.9979485 
7986, 3.90232.93 $021. $. 3.9942285 $056|3 3-90p1 51195809113. 9080022 
7987/3. 992 3837 8022 3.9042527 '8057/3.9961734 Bog213.9080559 
17988, (3+ $924381, '$023 3.9043 368 8053/3. 9962273'809313.908 1095 
9893. 9024924 $024 3.904399 $059(3.9062812 $0943: «9031632 
7990 3. 3.9925458, 8025 3-9944450 $050,3. 3-905 3351 S095} 3-900216g 
799113.90 902601 1118026 3. 9044992 8051 3. 3-9063889 80963. 9082705 
7992/3. 9026555 $027 3. 9945533 806213. 9064428 8097/3. pare 
(7993;3- 9027098/8028 3.9945074 8063/3. 9064967 8098/3. 908377 
17994 13-9027641|8029'3. 9946615 8064 3.99655OF; ;80O9g 3+ 908431 
17995. 3-9C 9028 185; '$030 3. 3-9047155 506 5; 'Z. 3-9066044'8100'3. yo8485 
7996 3- 3.9028728 $037! 3.90.47695 $05 3-906658218101 
7997 3-902927118032/3.90482378067(3.9067121 8102.3. go85 922 
7998, 3-902 98148033 3.9948778, 8058/3. 996755981 03 13.908645 
7999 3993935718934 3. 994931880693. .90681 97 $1043. 908699 
8000 5.99030900(8035 3.994985 98070,3.906873 5JÞ1 05'3.508753 
$00113-9031443 8036 3. 3.9950399|807113 9069273 81.06'3. 9085066 
$002/Þ.9931985 8037 3.9950949/$07213.906 9812 8107 3.908860 
$003'3.903252818038 3; 905 14808073 13.9070350 
8004, 3- 9033071 $039 3. 9052020! 807413. 9070888 
8005 3.9933613|$040,3. 3-9052560 $075] (3-9071425]81 10(3.99 
$00113- 3-9034156 8041 3-99531O1, 8076 S. .$071963 8111 3.909074 
800713" ,90346g8| $042 3 +995 3641 8077 3.9072501|[81 1213. 909127 
$00813-90352418043,3.9954181[$07813.9073038]8113/3.9091815 
300913- 9935783 5044/3. 9054721 8079! 3.9@73576 l114j3.90923J 
801013-9036325 8045 3-905 5261 08013.90741 14181 15]3. 909288 
S$or113.59036857 8046(3.9055801 8c81 3.9074651[81 1613. 909342 
801 2 3.9937499 $0473. [9056341 
1801 3[3-9937951 B048|3. 9056880 808313:9075726 
$01 4(3-9038493.8049'3. 905742.0|808413. 9076263 
801 513.9039035 895013. 9057960808513. 9076800B1 2013. 9095 560 


LO Wes Dr tio or te erne_ 


CHILIAS g. 


Num Logarithm. [Num Logarichm. Num Logarichm, [Num Logaruhmr| 


18121 3. 9996095 $156 
81223. 9096630 $1 5713, 9115305]81923.91 3389982273. 91 5241 5 


$12.3 3-9097165 '$1 58 


$124 3.9997699 8159 3.911636$$1 94 3. 91349608225 3-9153471 


8125 3- v0982 34 8160 


$1263.9098768 $161 
81273. 9099303,8162 
8$128]3.9099837,8163 


81 3013.91 009058165 
$131.3.9101 4408166 


15132 3.9101 974158167 
$133'3-9102508[8168 3.912115718203[3. 91 39727 8238'3. 9158218 
$1 343-9193042Þ1693.91216898204/3.91 40257 82393. 9158745 


8$1353.9193576 170 
1363.91 91041098171 
8137;3- pooh 

173 
= 91957108174 
8$140,3.9106244[8175 
814113. EE? I 
$14213-9107311[8177 
8143[3-9107844/8178 
1 44/3-9108378]8179 
145/3.910891 118180 
$1463-9109444|8181 
8147,3-9109977}8182 
8148.3-91105108183 
8$1493-9111043 8184 
$1503.9111576|8185]3.9 
$1513-91121098186(3:9 
$1523.91 126428187 
$1533. 9113174 $188 
1543-9113707 818g 


3-9114772 8191 3+ 913336 


3-911533715193 3-91 34439, 


8195 3.913549 


3+ 9116902 


3.911743 81 9513. 3.91 360198231 3.91 54526 


3-91 1796681 97/3.91 36549 
3.91 18498[81 98/3. 91 37079 


8200'3.5 9138139 
3.91 38668 
3+ 9139198 


3-91 19562 
3.912009418201 
3.91 20626 hncdh 


Br20- ;910ogoJne3 3.9 . 911903 5199/3. 91 37609 


2. j.9122220]8205 3. 3-91 40786 


3.9122752 820613.9 9141315 
3.9123234]320713. 91 41844 
3 912381582083, 9142373, 
3 912434632093, 90142903 
3.9124878Þ210/3.91 43432 
3.9125409Þ021113, 9143951, 
3.9125940821213 .9144439 
3.9126471 =>: < 9145018 
3.91 27OO2 $2143. 9145547 
3-9127533 8215/3. 3-9146076, 


— — — —_— 


8226] 3.91 51887 
$228 3. 9152943 


2313-91 53998 


8232 3.91 55954 


823413.9156199 
8234 3.91 56636 
$236'3.9157163 
$2373 9157691 


82403-915 91 59272 
$2413.91 5 9159799 
8242/3.9160326 
8243'3.9160853 
'$2.44)3; 9161380 
8245]3-9161 907 
8246 (3-9162433 
8247,3 3.9162960 
8248 3.9163487 
$24943.9164013 
$2503.9164539 


3-9128064($216 :3. 3.9146604, 


3.9128595 $2173. 9147133 
3.9129126} 82183, 9147661 


3. 9130717 8221/3.91 9149246 
3.9131245j82223.9149775 
3.9131778 $223. 9150303 
3.9132309\$224'3.91 50831 


155 3-9114240$190 


3-9132839($225 3.9151359 


3.9129656)8219'3.91481 90, 8254/3.9166645 
.9130187 82203, 3.91489188255 3.916" 9167171 


825113. 3.9165066 
825213.9165592 
8253[3.9166118 


3256 3.916” 9167697 
82573.916822.3 
82583.9168749 


8259.3.9169275 


323313 3-91555vr| 


$2603.9169800 


"Num 1 Logarithm. 


8262 


CHILI 


AS 9. 


Nan Locoriebes, 
3296/3, 2138687 
82 29713 9189211 
$2.95[3.9139734 
82.9913. 91 90258 
|$26513.9172.429 9$305: 3.91 907 '81 
| $266j3- 517295418301] 3.9191394 
V2 167 3. 917 7347918392 *s -91 91827 7 
'$268j3-71740051$303/3.91 923 
$269.3- -91745399304'3. 91 9287 3 
'$2.70 3-917505519305/3.91 93396 


—— = —_—— —— — THT_——— 


$251 3.917 = 
9179332 
826313.9171375 
825.413.9171 g0302 


: 


($271.3-91735808306 3.919391 9 
8272 3-9175105[3307 3.91 94442 
$273,3-91 76630 $308 3.91 94965 
$274 3-917715518309 3-91 95488 
8275 & 3-917768 $3103. 91 96010 
8276 3. 9178205 $311 3, 13.91 96533 
8277 3-9178730]8312' 3-91 97055 
8278 3.91792544$313 3-9197578 
$279 3-9r79779]9314'3-91 98100 
8280 3.91 80303 83153. 91 98623 
8281'3-9180828[8316'3.91 99145 
8292 3. 918135218317 3.91 99667 
8283'3. 918187718318 3. 92001 8g 
8284 3. 918240118319 3.9200711 
8285 3- 3-913292 518320 3.9201233 
$286 3. 3-9183449|8321; 9201755 
$287'3. 9183973 $3223. 9202277 
$2883.91 34497|$323 3.9202799 
8289 3. 9185021183243 9203321 


1551 


Logarithm. 


— —_ 


—_ OO — — 


3.929097 1 
$332}3.9207493 

8333/3. 9208014 
5334+ 
119335 
0336/3.9209577) 
$337(3-921 009883 
5933 3813.921051 9; 
$339]3-921114 

$340/3.9211661 


OO — — — — — uu __— 


$34:13-9212181 
8342/3-9212701 
8343{3-9213222 
0344;3-9213743 
$345/3-9214263 
$346/3-9214784 
$347/3-921 5304 
83483(3.921 5824 


Num, Logarubm. 
$366| 3:9225179 
1836713 9225698 
8$36d1j3-9226217 
3.9208535 8369]3- 9220736 
8. L399936 52 370139227255 


oa7I0-9 


damn 
9374 
8375 
8376! 


8$37713.9230885 
$3783.92 314% 
837913.9231922 
838013. 92 32440 
$38113.9 9232958 


8382] 
8383; 


$384'3. 92 


8385! 


— —_— — - 


3 3 yy 
—_ 7 


213.9228292 
3.9228811 


3-9229330 
3-922 9848 


13+ 92 30367 


13.9233477 
;3 92.3399) 
13 
3-9235031 


834913-9216345 


8386'3.923554 


8$350/3-9216865 
835113. 3-9217385| 
$352/3.9217905 
835313-9218425 
8354/3.9218945 
8355[3-9219465 
8356(3.921 9984 


8357 
8358! 


8290/3-9135545]8345/3.9203842 
$291 
8292 
829313 
8294 
8295 


391865938327 .9204886, 
9187117 832813. 9205407] 


3. 9188 


3.91 86069[8326 49204364, 


| 


| 
0848; 


3-92205 04/8392 
3.9221024|8393 
$359/3-9221543\8394 
8360/3. 3-9222063, $395] 
64836113.9 9222582, 8396 
$362 3.9223102;8397 
836313.922 362" 398 
3.9187640 8329/3. 9205929 (8364/3. 9224140, 'B399 
$5164 $330) 20645023613: 9224659/8400 


8387 3.92 36066 
8388 3. 923658 
8389/3. 9237102 
8390 


'$391 


3.9237620 
3-9238137 
3-92 38655 
3-9239172 
3.9239690 
3-92 40207 
3.9240724 
3-9241242 
3.924175 

39242276 
3-9242793 


CHILIA'S 


9. 


warithm. [Nu Logaritbmn. Nun 
(924331 098436Þ-9251366Þ547 1 
402[3-9243827]84 373-926 1880]84.72 
40313-92443441843 $]3-92623 959473 
3404/3. 9244350843 913,9262.91 015474 
$405/3-9245377/3443- 9293424577) 


L ogarinbin.; NUM Logaricm. 
3-927 9347,859613.92 972.54 
3-927985AÞ 50713.92.979 


3.9281 39%Þ5.1.9 3. 92.992.96 


$405/3-92458943441[3-9263939}476 
3407 
3408 


8445 3-925 5997/5499 


0410,3-9247960 
341 113-92 48476|84.45 3-926651 | 
841 2(/3-9248993(8447 3-9267025 3452 
841 33-924950984483-92675 39/8483 
84 43-92 5002 513449 3-9253053 8484 
841 513-92 59541j84503-9268567/945z 


n—  « ——— —— 


$216 3-9251 057 8451j3-9269081 8486 


13.92464108442 3-920 445 312477 
3-9246927,8443 3.925490 515.470, 
$40913- 9247444 5444/3926 549 2/947 $3-9203446 


$481 


8417 3.9251573,8452/3-9269595]9497 
8418/3.92520898453 3-9270109]9458 
$419 3.9252605]8,454 3-9270622 8485 


3.9282.422 >5 | 2 3.9300ZLG 
3.9252934]Þ5 l3 3-9300826 

8514 3.9301336 
3-9283959!051 5 3.9301 847 
—— —— — RC 
3.9284471]5516 3.9302357 
3.928498315517 3.9302866 
3-9285495]35183.9303376 
3.9286007/35193.9303886; 
392865185520 3.9304396 
3.9287030]8521/3.9304905 
3-9287542 85223.9305415 
3-92880541$523 3.9305925 
3-9288565 $5243.9306434 
3928907718525 3.9306944 


8420 3-9253121]8455 3-92711 36/8499 
$421/3.9253637]8456 3-9271650$4.91; 
. [8422 3.92541 52]8457/3-9272163]9492 
$42.3/3. 92 54668[84.58 3. 92726779493 
8424 3.9255184j$459,3-92731 99949 
8425/3.92 5569984603. 9273704[5495 


$427(3-9256730,8452}3-927473 84.97 
8428/3. 9257245]$4633-9275243|54.98 


_— —— - 


8433[3-92 598211846 
$434|3-9260336]846 
843513-9260851 8470/3.9278834 850 


.9277808 8503[3-929572 
-9278321 85043-92954 5393-9314070 
5 


3-9289588]8526'3.9307453 
3-92901 00Þd527:3.6307963 
3.9290611 8528/3.9308472 

-9291123 8529/3.9308981] 
3-9291634,85303.9309490 


$426/3.925621 5j$461/3.92742 171349613. 9292145853 113.9309999 


3-92926568532/3.931 0508, 
3-9293167Þ533{13.9311017 


$429/3-9257761[$464 3-92757 5718499 3-9293678|85 3413.931 1526 
8430 .9258276]Þ465'3.92762708500}3. 92941 55 3535 -9312035| 


—  —— _ —— ——_— 


$431{3-9258791[$4663.9276783 850113-929470085 3613. 9312544 
8432/3.9259306 Los 3-9295211 


$537]3-9313053 
533-931 356, 


CEL RW_—— TS 


3.92 80372185083. 92 982.75 


a - 


3-9281994Þ5L1 3.929980 


-- 


CHILI1AS 9. 


arithm. Num 


854 3931854585 
8549/3-9319153 882] 
8559/3.931966118585 
$551 3.9320169 8586 
855213.9320677 5587 
8553 3-9321155, $588 
$554/3.9321692 8589/3 
8555 3- cod be90 


8556! 3.9322708 5591 
|85573.9323215'8592 
(185583. 9323723 8593 
$559 3.9324230 $594 
(8560 3.9324738 $595 
(8561 3. 9325245 '8596 
($562 3.9325752 8597 
8563/3.9326259 8598 
85643. 9326767 B59 
\$565 3.9327274 8600 
18566 3.9327781. 8601 
18467 3.9328288 8602 
12568 3. 9328795 8603 
\8569;3.9329301 8604 
857013.93 9329808 8605 


813.9333860 


= 213.9333885'8617 


Logarithm. Num 
3. 3.9332848 $611 


3. .9333354/8612 
8613 


8614 
861 5þ 
8516 


39334367 
58013.9334373 


3-9335379, 


313-93356392/5615 
3.9336897j8619g 
3-93 37493j9620 
3.9337909j8621| 
3.933941 519622{3 
3. nts PR 
3-933942615624 
3.933993215525 
3-9340437]8626 
3-93409.43|5627 
3. 9341448 8628 
3.9341 9531362913. 
3.934245919639 

3.9342954 8631 
3-9343469{8632 
3-934397418633 
3-9344479 0634 
3. 3-9344.984 8635 
3. 39345489, 8636 
3. 9345994 8637 
3.9346 499,86 38]; 
3.9347004;3639 
$13-9347509 8640 


57113.9330315j8606 


[3- 934801 r3/B641þ 


57213.9330822[8607 
$57313-9331328[8608 
857413. 9331835 
0 $7 513-93.32341 


09 3.9349527 8644 


13.9348518 8642 
(3+ + 9349022 8643 


Lie. 
3-935J05 30 
3+-935J1040 
3-9351544 
3$-935J204y 
3:29352555 
3.9353057 


Nu Logarithm. | 
364613- 9358182] 
86 4713-9395655 
$64813-9369157 
86493-93596 59 
8650/3. 9379161 
865 13-9379663 


3-9353561 
3-9354065! 


3-9354569;8654/3-937216g 


3-935 5973! 
3+9355J709, 
3. 9356050 
3-9355584 
3-9357087, 
3. +9357 7391, 
3-9358095 
39358598, 
3-93J9IOI 


OO —_— 
— _——— 


3-9361617, 


; 


8652/3. 9371165 
8653!3-9371667 


8555 39372671 
8655'3-9373172} 
8657 3-9373074 
8658 3. 9574170] 
86593. 9374677 

86603. 9375179 
$661 3. 9375689 
8662'/3.9376182 
'8663 3. vey 


| — — _ [ 


3. po 118666 3. 03781H7 
3.93611 14,8667 3, +937 368d] 


8668 3.937 9189 


3-9362120,8669'3.9379690 
3.936262 318670 3.93801 91 


— _— g—_ 


3.9363126 8671'3.9380692/ 
3-9363629|86 72! 
3.93641 32]8673 
3-9364635[8674 
3-93651 378675 
3.936564&867c 
3.93661 4318677 
3-9366645]867+13 
.93671 481867. 
9$36765ol868c 


3.9381193 
3-9381693, 
3.938294 
3-9382695 
3-9383195 
z 9383696 

93841 96; 
; 9364697 
5-93851$7 


10 3-9350032/ 8645 


" CHILI1AS g. 
mn iam Logarithm. | Num Legarithm. Num'Logarithm. = 


{:3.9335698, $716 3.9493172[8751/3- 9430577786 9437912 
82 3.93861 98, $717 3-949367 87523-9421 9738787 3.94384 
$683 3. 9386698 $718 3,9494169$753 3-9421569 $7883 9438 
$684 3.93871 98/871 93.9404667]3754 3-9422065|878g'3. 9439395) 
8685 3.93876 98/8720 3.9495 165]5755'3- 94225618 8790 3.943988, 


— - c———_ 


$6586 3.9: 93881 98 8521/3. 9405663 $7563. 3-9423058 879113. 3.944033 
8687 3.93886 98, 8722 3. 94061618757 3-9423553; 879213. 9440877 
$688 3.93891 981872 3'3.9406659j$7 58 3.9424049, $793[3-9441371| 
86B93.9389698 8724 3.94071 5719759 3-9424545, '879413-9441865 
8690 3.93901 9$Þ3725'3.94076 54 $750 3-9 9425941 $79513-9442358 
$69113.93 90697] 726 3.94081 528761 3-9425537 $7963. 9442852 
$69213- 9391197]8727 3.940865 $762) 3-9426032 879713-9443346 
8693'3.9391697]8728/3.9409147;8763; 3-9426 528 87983.6443849 
86943-93921 9]87293-9405645|8764/3.9427024 $7993-9444333 
8695,3-9392696 $730,3- -941014248 8765'3.942751 9 880013.9444827 
8696 3.93931 95]8731[3-9410640, $766 3.9, 9428015 880113.9445320 
8697 3-93936951873213-9411137; (87673. .9428510 880213.9445814 
8698 3.93941 94873313-9411635,87683. 9429005 B303/3.9446307 
$699 3-9394693/$734/3-9412132/8769}3. 9429501 - oe: 944 

$700 3-93 9395193 8735 3.9412629]877 703. 3.9429996 880513. 9447294 
$701 3.9395692 $73613-9413126 $77113-9 9430491 Tos. 9447787 
$5023, 93961 91/8737 3. +941 362318772 3. 9430986 380713. 9448280 
8703 3.9396690 $7383-9414120 '8773/3-9431481 8808/3.6448773 
$704 3.9397 189 8739/3- is -9431 976 B5Og1,, $.4.9266] 


8705 3.9397688874033-941 51148775 3-9432471, 85103.6449759 
$706 3. 3.93981 87 8741 3-941561118776 g. 9432 966, 8811 3-9450252 
$707 3.93 98685 $7423. -9416108)S $777 3. 9433461;3812 $9450745 
8708 3.93991 84 874.3|3-9416605|8778.3.9433956 591 3]3.9451238 
$7093. 9399683 8744'3-9417101/$779/3.9434459381413.9451730 
$7103, 9400182 8745 EL 3-9417598]8780 3. 9434945 8315/3. 39452223 


— — _— 


#711 3-9400680 8746 3.9418095/ 878113. 3-54354498816 3-94 52716] 

($712 3.9401 179 $747 3.9418591/8782 3+ 9435934|0 81713-9453208 

$713. 9401 677 8748 3. 941 9088} 87833. 94364291381 8[3.9453701 

s 714/3-$4024 76 8749 3. 941 9584 8784 3. ene 81 9[3.94541 93 

87153. 9402674. 8750.3. 94200318785 3.943741 85820'3.9454686 
K k 2 


ba 


8 
8 


8 


8346 


um 


$856 


223.945 5671 8855 
23 3.9456163{8858 


Nam Zogaremn. IN 


$213-9455178 


243.945665 51385 


8253-9457147 8860 


826'3.9457639|8861 


827'3:94581 31/8862] 
; 8283. 045852 3(8863 
$293.9459115 8864 


88303.9459607 8865 


883113-9460099 ops 8066)3. 
832/3.9460591 8857 
33j3-9461082, $868 


$35/3-9462066,88 


839, 
2395 9464031188 
$493. 9464523 
8841'3-94 9465014 


wg 


$43 3,94659 


852 3.947041 
853 3-9470905888; 


bn24 9471 395Þ889.3.9488529 $92.4 3.950559 
88553-9471 886889033. 9489018(892 5/3. 9506082 $960 


'CH1 


Ig 9472470 


3-9472866 


3.947482; 
3-947531 
-9475807F 


3-94767Þ 


3.947776 


14/8876 3. 39482173 
8842 3. 94553058877 3 9482662 

8878 3.9483151 
884.4'3.9466487]8879 3.9483641 
834513- 3-9466978 8880 3. 3.9484.130 
3. 3.94674698881 3.948461 9 
884713- 946796018882 3. 9485108} 
38493. 9468451]8883 3. (2 am IE 9502675; 18993 
8849 3-9468942/8884 3.9486085|89193.9503162, 895 
(88503. 94 94694338885'3-9486 5743920 3.9503649 3955 


Ou | R_—_—  — —___ = — 


fl 


og arirmm.y 


3-947 3337 $933. 94904 
3:9473847Þ 094 43. 
3-9474337[ 39513. 13-9491 UM ca 


3-94 76297 
[900 3, 3.9493900 8935 


3.9477277 


LIAS 9g. 
EL ”. Num L 
889413.9489550$92613.9 


& 


; Ns et 
$928 
94909711892 9! 

8930\; 
$896 3.9491 9488931 
8897 3:94924.36]8932 
$8993. .9492 92418933 
b899/3.9493412]8934 


IE 


8901 /3.9494388 8936 


$908 3-9497802 8943 
89093: 94982 90 5944; 
P9103.6 .9498777,8945! 
911/3.9499264 $946}3.95 
Bo1 2! 3-9499752, 8947 
891 3/3.95002 39 8948, 
89143.9500726, 8949 
— a= $95 


| 


i 


I 9509487 


[3-9511432 
89023.9494876 8937! -9511918 
3.94782 5718903(3-9495 364 8938'3.95124% 
343-9461 $74 8865/3-9478747;$904/3.9495851 $939]3-951288 
7013-94792 36|8905[3-9496339 8940/3.9513375 
3363-94 9462557, 887113.9479726 890639 9496827 8941(3.9513861 
$37 3.9463048887213.948021 5; $907 3.949731 4 8942 
3. 9463 5408873 3.940705 
7413+ 942! 194 
75 3-94$1684 


4 


0 


og arsr 


950802 
3.0508515 
9509gy0ot 


.9509973 
:9510459 
3.95 10946 


, 


29514347] 
3. 9514832 
3.951531s 
J. 3.951 5803 
3.9516289 
3.9516774 
3.9517260 
3.951774) 
3-9518230 


FT 


4 


8851 3.9469923 _ 9487063[8921}3:9504135/8956 
13: 9487552;8922 
i3, 9498040 3923 


.'L 9504622/8957 
'3- 95051098958 
[8959 


| 


Þ* 3.9519716 
13.951 9201 
3.951 9686] 


13 9520171 


[3- 9527149 

9521626 
3.9522111 
3.9522595 
3.9523080] : 


395206561" * 


CHILIA'S 10. 


mas Cagdrckos Nom FT, done Logarirhon.| 
pr one 95404949031 3. = 0[3, _ 


:952404 8997 9540977 9032\3-955793 Nas 957463 
$63þ4-9524933|/899313. 95414649033] Þ. 9552320 PRE. 9575115] 
4 .95250188599'3. 9541 943'9$034'3+ 95588 oolgos 3. 29575594 
By65j3.9525503/99 9900 3, 3-9542425/ 903 513-9 95 592323907073, :9576073] 
bg56þs.952 5987/900#3.954.2998 90361395 597624907 11 3.95765 52 
Wen! 95264529002 3. 9543390 9037/3« 9560243]9072(3. 9577040 
$68 3.9526959 9503 3-9543872 $038/3.9560723[907313-9577500! 
4 9527449/9004 3-9544355 99393-9561 204 907413-9577988, 
$990 3-9527924 9095 3-9544837 9040,3-9561684'907 513. 3- 9578466, 
$974 Zo 3-9528409 9096 3. 3-9545319,90413-95 956216519076|3. 9578945! 
(8972-3.9528893 9909 3. 9545802 9042139562645 907713-9579423 
8973 3:9529377 9998 3. 9546284 9043 3:9563125/907Bj3.9579902 
8974 3: 952986 1| 9009 Z. -9546766|9044.3- -9563603\907 913.9580; 80 
$975 3-9539345 (9910 3. 3-9547248/ 90453-95646 86]90B0j3. 3.9580858] 
$976 3: 3-9530828/901 t'3- -9547739,9946 '3-9564.366 9081139 9581337! 
8977 3-9531 312/9012 3.954821 2/9047 3:9565046|90B213. 9581 85; 


8978 3.9531796/901 3/3.95486 94 p0483-95655 £9583 2 54 
89793. 953228090143 95491 76 9049 3- «9566! 5.9592771 
8980 2:9532763 901 5 3. 3-9549657 9950/3 95664 95832 
I981 3. 9533247 /9016[3.95501t 39. 9097 13.9566 $13.958372 
8982 39533730 9017 3-95 50621|905213-9567445]90B13.9584205 


8983 3-9534214 9018 3. 95514 02/9053 3-956792.5/908bt 3.958458 
8984 3-9534697 9019 3.9551 5By |9054/3-956B425 b9-p585164 
8985 3-9535181,9020 3.9552065\9D5513-9 5850535 
$986 3. 29535664 9021 13.9552547 9056] 

$987 3,9536147, 9022-3.95 $3028| 90597 
8588 3 953663 1/9023'3.95 53510905813. 
85903905 -9537114/9024 3.9553991]905 9/3. 


3-9537597 902 513-95 544721906013. 
bor (3.9538 9538089 902413. 955495319051 13-9571761:g0g 
992/3.95 38563 902713.9555434'906213.9572241|9097 

$995: +95 39046 902813. +955 591 51906313. 9592720 g0g8 ; 

4/3 -95 395291902913. 95563 97906 4 9573199 9095 

. 95 4001 2'9030j3.95 5685771 906 _— 957367 8/91 0013.9 


CHILTAS 


'FO., 


Num ho —— Num! 


101 3. 39590891 0136 
102.3; «9591 36891 3 
91033-9591845[91 38 
104 3-9592322]91 39 
9105 3-959279Y91 403 
9105/3+9593276]91 41 
91073 959375319142 
9198 329594239914 3]3 
9109 3-9594707|9144 
9110 3-959518aſor45 
(9111]3.9595660|91 4613 
19t12/3-9596137]91 47 
{9113'3-95 9661 


91 mens 95 97 O90 


$r19s .9598520|91 52 

'9115,3:9598996|91 53) 

PI 193. 9599472] 9154/3 
20 Y 


3:9607561}9271{3+9624167 920c 
3.960803 


4513-961 3262 9183 3+ 96298465, 9218 3.9646367 


155{3-96 16583 9190,3-9 9633155 $225/3.9649664 


(37 96 
9172 by 9624640920 13-96 18 
3795085 12, 91733-95251 14:9208{3. 964165 
3:9608987 91743-9625 587'920913.9642125 
379609462 9175|3-9626061|9210/3.96424 g6 


Logarut ithm, ae benune Num! a 


3;9609937 91.76,3: 39626534 924113. 3-9643068 
3;96 10412 9077(3-9627007 g9812{3.964353 


3,961 0887 9175/3; $627481|924 313. -9644011 
3-9611362 9179.3-9627954 92143-9644482 
3-961 1837 9180 3-9628427,921 5/3.9644953; 
3-96123129181/3,9628900'9216 3. -9645425 
3: 961 2787 9182/3, 9629373-9217, 3-96458 96 
3-961 37 36 9184 3.9630319'9219/ 3.966838 
p1 50j3-9614211 9185, 3.9630792 9220 39647309 
3.$614686 9186'3- 9631264'9221) 3.9647780 
3-9615160 91 87,3. 29631737, 9222{3- 9645251 
3-961 5635 94 88,3-9632210/922 3: 2.5648722 
3.9616409 91 $9,3-9632683'922413-9549193 


91 

= 
'912213. 
D123 
,9124 
(9125 

I2 
_ 


3-9602805[9161 
960328BQqg162 

912813, $603756]9163 

'$129/3-9604232[9164 
[92 30,3.960470819165 
9: 91 31/3.9605183[g9166 

1 32/3. 9605659] 916713. 

-% 2 3.3.96061 3549168 
4. 2.9606610q1916 


3. 9619058 919143.963 3628 9226| 3. 3-9650134 
3-9617532 9192}3-96 34100 9227 3-9650605 
I 9618006 919343-9634573,9228;3.5651076 
3-9618481 91 94)3-$63504519229j3.£651546 
103- 3.96 18955 9195 3+ 9635517, 92.30 3.96 52017 
3- 961942991 961 3.96 359$0/9231/3.5652488 
3. 9619903191 971 3- .$636462|92 32/3.2652956 
3-9620377191 9813.9636934{9233|3.5653428 
3-9620851]91 9513.$53740619234\3.96 5309 
3-962 13251920C1 3.96 37570192 3513.56 5436 
3-962 1799[$201 3.965483 
3.965530 
3.965579 
3-$93976619239, 3.565625 


$-9638350[9236 


3.962257461920313. 
3.9623220 9204 


- 

F 

Q]1 * 
$ - 

_ 


© 2.060708 907 


13.962 3693. 9205 


3:9640238(92 40 3.$656720 


- ar” ez” 


'92593-9665641(9294 3.9582027[932913-9698351 


9263 3-966751 
9264 3:9667985[9299 3.9684362|9334/3. 9700678/9369 3.9716932 
9265 3: 3.96684 5419300 3.968482 9/933513-9701 14319370 3.9717396 


"927513-9673139 931013. 9689497 


CHILTFAS to: 


Logarichmn.” Num! Logarithm. Nun} Logarich»,, 'Num um Logarithm. 


924113: 95571 999276 3.967 3607 9311 113:96389963'9346 3.9705258 
$9242/3.95 57550 9277 3. 9574976 93 12{3-9699430 9347 3-9795722 
9243, 3-95531309279% 3. 967 4544 931513+ 9690895 9348 3.9707183 

92.44 3.9553599 9279 3-9575012(9314/3-9691 362 9349 39707652 
= 9559059 9299 3 3+ 9575480 931 315 3-96 9691 B29 9359 3-97 2 ot 6 


——_— 


TT — — A —_— @—O 


9251 3; "0551887 9236 3. 2678287 9321 T7 5 0594525 9356 3. Te 
92523. 9662356 92Þ7 3. 9678754) 9322|3.9695091 9357 3-97 11 366 
9233 3-9662826 9258 3.9679222 9323 3.9695557 9358 3.9711830 

$254 3- 9663295 9289 3. 96796 90 9324 3.9595023 9359 3-97122.94 
$255 3-9663764 9290 3.9 96801 157,9325.3-96 9695488 9360 3.9712755 


9256 3-9664233'9291 3.968052 5/9326 5 396999549351 [3-971 3222 
'9257 3-9664703/9292 3:963 10921932 79697420 352'3.971 3686 
'9258 3-96651 72/9293 3. 9681 5539193283. 9597885|9363 3.9714150 
364 3.9714614 


9260 3.96661 1019295 3.9682494 9330/3.9 9698816!9365 3.9715078 


— — — > — OO —  — 


'9261 3+ 96665739290 3- 9682961 (9331/3-96 99282" '9366 3. 9715542 


9262 3-9667048 9297 3- -9583 42/9332 3. 96997479367 3.9716005 
7.9298 3.9683895 '9333/3.9700213 93683. 9716469 


'9266 3. 3-9668923/0304 3.9585296 9336/3. 9701608; 9371'3. 9717859 
19267/3-9669392 9302.3. .9585763|933713. 97020741937213.9718323 
(9268) 3.966986019303'3.96862 30'93 38[3. Sroayaobanl 9718786 
pon 967032 9/9304 3.9586697|933 913.9703004/9374/3. 971 9249 


9271[3.967 1260 9306/3. 96876309341 |3.9703934{9376[3-9720176 
927213.9671734 9307|3.9688097|9342(3.97043991937713.69720639 
9273[3-9672203 930813. 9688564(934.3}3.9704863[937513-9721 102 
92 7413-9672671 930943. 968903019344 3-9705 3251937 3-$721565 

0345'3.9705793/03303.9722028 


9270,3.9570797,9305(3-9687164/9340[3 net 6 3-971 9713 


| —_—— 


= 


Nom Log hm. 
38113-9722491þ 


038213-9722.954 
0333(13-9723417 
19334 3.9723880 


19335 
19386 
9387 
9388 


3:9724343 
3-972.4305 
3-9725268 
3+-9725731 


941 713.9739126 
34i85[3.97 39587 
941 $3.9740940 
942013. 9749599 
42 1]3-97409709 
942213.9741431 
942 313.9741 092 


"CHILATAS: . 


— 


9452Þ8+9755237 
245 313+97 55997 
945413+9759150 
3455Þ-9759015 
94.5613-6757075 


945713-97 5753 


j] 
'945813-9757993 


048613. 977 0931 
943713. 9771289 
9438}3-9771747 
9439;3- 9772204 
949,39] 72002 
9491[3-9773120 
949213-97 73576 
94.93/3-9774035 


_ 7 
AM 


93893-9726193 
93993-97266 56 
391}3-9727115 
39213 9727581 
'93 9313-97 28043 
3943-9728506 
'939513-2723965 
19396[3-972 9430 
1939713-972.95892 


'93 98)3-97393 54 


9399/3-9730816 
949939731275 
1940113.9731741 
'049213.97 32202 
/9403[3-97 32664 
9404{3-9733126 
9495]3:9733588 
19406 
9407 
; 94.08 
9409 
19410 
| (9411 
9412 
941 313-9737281 
94 143-97 37742 


3-9734511 
3.973497; 
3-9735435 
3-97359g6 


3-97 34950 


3.9736358 
3.9736819 


9425 
9420 
9427 
94.2 
2429 
2430 
945! 
9 


9434 
9435 
9436 


9424/3-9742353!945 913-97 58452 


243313 - 


9494+3-9$774492 
949513+9 174950 
9496' 3+977 5407 


13.97 59911 


39742514 9450 


3-9743274/945 113-97 59379 
39743735 9462"3-97 5982.9194973-977 5964 


. Nutty Logoth, .* 


3-9744+1 96 946 3/3-9700288[949813-977632 
3-9744656 9464(3-9790747/949443-977077, 
3-0745117 9455 3-970 1200 9500,3:9777238 
3-9745577 9466\3+976 1965|950113-977709 
3-97 45033,9467\ 3+$792124,9502 3497 7U15 


3-9745959 9469'3+-9763041195044[3+-977 906 
39747419 9470 3-9703500;950513+9779521 
3-9747879 9471 3-9763958 950613-977997 


9437 
94.38 


9.44 l 
9442; 
9443 
9445 
9449 


943939749260 9474 3-976 533 95093 
94493-9749720 9475 3-976 579219510 


3.-9745340 9472 3-976441 7.9507 3-97 8043 

. 9748800 9473(3-9764875)95095/3-97 508g 
978134 
9781805 
3-9750180 9475|3-9766251 9511 3.978226 
3.9750640 9477,3-976670 95FI2 3+979271 
3-97511009478/3.9767167|9513]3-9783175 
3-9751560 9479:3-9767525195 1413-97363) 
3-9752020 9480/3.9768083Þ95 1 5]3-978409! 


— CN —— — — 


3-9752479 948113>97685 41195 1613-97345 


9447 
944 
944 


941 5/3.97 38203/ 


945913 -97 54318 948513-9770373195 : _ 3:978636s 


3.9752939 94821}3-976899g|g5 1713-9785001 
3-9753399 948313- 9769457195 1813+ 9795457 
3-9753858 948443-976991 5 9519;3-9795Þ), 


CHILIAS 


Io. 


[Log erin. 


Num 


39786526 
3-978728 2 
3-9787735 
3-9738194 
3.9733650 


355- 
95357 
9559 
J5 59 
956Cc 


Logarithm. | Num 
3-9802761 
3.9303216 
z3.93803670 
3.9904125 


3.9304579 


3591 
259 < 
2593 
9594 
9595 


— 


Log arithm 

3-9815639 
3.98 1909 2 
3.95819544 


$.9819997 
z.98204.5Cc 


9626 
9627 
9628 

9629 


95S 1 
9562 
9563 
3564 
3565 


3-9789 106 
3-9739 56: 
$.9790017 
3.9790473 
$-9790929 


3566 
9567 


3-979 1385 
3-979184c 
3.9792296|3 565 
3-97927511956$ 


$ 9793207122 7c 


9 596 
9597 


3-9805033 
3-9505457 
3.9805942 


z-98063961[9599 


9598 


OGOO 


3.9320902 
3-9321355 


3.932226c 
3.0322712 


> Anh 


3.980685 


3.932180 


9631 
906532 
3633 
363 
9635 


N um|Logarithm. 
3-9534459 


12.9835812 
9630; 


3-9834910 
'3.9835361 


3.9836263 
3-983671 
3-9837165 
3.983761 


413.983806 


3.983851 


601 
602 
9603 


3.9807758 
3-9308212 
3.9808666 


;.9809 1 1c 


13857150 


3605 


360.413 


3-9823165 
3 9823617 
3-98 24069 

3-9824522 
3-9 24974 


9530 
953 


* 


953 
954c 


[3.97936629571 


9 54! 
9 542 
9545 
9 544 
9545 


3-97941189572]3 
397945739573 
3-979 5028/9 574 


3.980957 3 
3-93 10027 


39810481 


3-98 10934 
3.9311338 


9607 


9696 


3608 
3609 
9610 


3-.9825426 
3-9825878 
3.93263 40 
$.93826782 
3-9827234| 


3.979 $43419575 


3-9795939/9576 
497958499576 
45-9797 3049575 
$13-9797759/958c|3 


$.9811841 
-1z.9812295 
3-9812948 
3-9813202 

3.98 13655 


3611 
9612 
9613 


9614 
9615 


3.9827686 
3.9823138 
3-9828539 
3-9829041 
3-9329493 


9636 


9637 
9638 


9639 


3-9 833968 
3-98 39419 
3-983986 
3.984932 


964c[3 
9641 
9 642 
9643 
9644 
9645 
9646 
9647, 
9648 
9649 


9546 
9547 
9548 


P49 


FO 


3-9798214 95951 
39798669958; 
$-9799 12495933 
$-97995799584 
3.9800034.9585 


3.9814108 
3-98 14.562 
z.9815015 
3.9815468 
3.9815921 


9616 
9617 
9618 


9619 
9620 


3-9529945 
z3-9830396 
3.983084 
3-9831295 
3-983175) 


955! 
592 
9553 


398004889 586]3 
3.980094 3.9587 
3.9801 3989538 
3.9801852 95 S) 


98164374 
\ 0816327 
3.9817280 


3-9817733 


9554 
9555 


3-9802307/959C13 


3.9818186 


9621 
9622 
9623 
9624 
9625 


3-98 32202 
3.983 265- 

3-9833105 
3.9833556 
3.9834007 


965 4 
m_ 


62a 
1655 


9650 


.9840770 
3-984122 1 
3.9841671 
3.9842122 
3-9842572 
3-984 3022 
3-9843473 
3.9843923 
3-9844373 
3.9844323 
3 9345273 
3.9545723 
3.9846173 
3-9846623, 
3:9047071 
3.9847527 


| 
| 


| 


3636 


2658. 
1659 
660 


2657123 


3-9 84797 
$.9 84842: 
3.984887 2 
39949324 


$.9849771) 


L1 


CHILIAS 


Io. 


-Logarithm. 


3-9850221 
3.935067 
3.935112C 
3.9351569 
39352019 


Num 


2696 
2697 
2696 
9695 
97OC 


| Log arithm. 


3.986592C 
3.9866374 
3.9866822 
3.986727C 
3-9867717 


3-9852468 


10853816 


3-98547 14 
3.9855163 
3-9355612 
3.985606 1 


13.985651C 


3.9856959 
3.935740” 


813.9857856 


3-9858305 
3.9858754 


3-935 2917 
3.9853 366|9 


3.9854265 


701 
9702 
9703 
9704 
9705 
9706 


2708 
9709 
9710 
9711 
J712 
9713 
9714 
1715 


17<713 


3.9868 165 
z3-9368613 
3.986906c 
3.9869 zoe 
3-9869955 
3-9 870403 


3.987 1298 


3.987 1745 
3.987219? 


3-9873987 


3-9873534 


3-9873981 


3.9859 202 


21/925965! 


6 


3.986009 
3-986054 
3-9860996 


27 16 
3717 
9718 


619720 


971g 


3-9874875 


3.986547 


8-986 1455 
3-9861893 


+5 ph 
3.986279c 
3-9863238 
3.9863686 
9864134 


- 98645832 
3-986503 
730 


9721 
9723 


9725 


9722 
9724 


3.9378003 


9726 
9727 
9728 
729Þ 


3-9879 343 
3.9879789 
3.9880236 

.988c682 


5.9981128 


.987c8;0 


3.9872640 


3-987 4428 


3-9 *75322 
3-9875769 
3 9876216 
3-9876663 
3-9877 109 
3-9877556 


3-987 8449 
3-9878896 


9732 
0733 
73 

9735 
2736 
9737 
1738 
73913 
974C13 


Num, Logarithm. |Num| / 


3-9882021 
3.9882.467 
3-9882913 
3-9883 360 


973 13-988 1575/9766 
9767] 3- 


9768|3.98 


976913. 


977© 


3.9883806 


G4 net 
3-9384698 


3-9385144 9774/3: 


9885590 


9741 
9742 


9744 


9743] 


3.983603 5' 
3.988648 1' 


3-9886927| 


3-9887373 


9745 


974613 
9747 
9748 
9749 
9750 


9751 
9752 
9753 
9754 
9755 


3.9889601 
3.9890046| 


3.98909 37 
3-9391332 
3.9891828 
3.9892273 


3756 
2757 
9753 
9759 
9760 
9761 
9762 
9763 
9764 


3.9093 163 
3.989 3608 
3.989405 3 
3.9894498 


3.989 2718; 


977113» 


077213-98 


9773 


977519* 


9776 
9777 
9778 

779 


3.9888264'9781 
3-98887109782 
3-9889155| 


9783 
9734 
9785 


3-9901612 
3-990205 
3.99025 
3-99029 
3.99033 
3-9903833 
3-9904277 
3.9904721 


3989049219786 
978713. 


0788 
978g 


979013» 


9791 
9792 
9793 


979413: 


9795 


3-9 894943 
3-9 395388 
3.9895833 
3-9896278 


2765 


9796 


9798} 
9799 


3+98967 2.2 


9800 


9797} 


3-9911374 


3.9911818 
3 -99 12261 


CHILIAS 


IO, 


Nom 


TT 
9802 
9803 


| 19804 


3595 


Log arithm. | 
3.991 2704 
3-9913147 
3$.9913590, 
3-9914033; 
3.9914476 


MM RD ED Cmmo—— —— 


3806 
9807 
9808 
980g 
9810 


3.99149 19 
3-99 15362 
3-9915805 
39916247 
3-99 16690 


Nun 
9836 
9337 
9836 
9535 
954c 
9841 
98.42 
9843 
9844 
9345 


Logarithm. 


Num 


Log arithm. \Nun 


Logarithm. 


3-9928 185 
3.9928627 
3-99 29068 
3-9929510 
3-9929951 


9971 
9872 
9873 
9874 
9875 


3.9943612|9906 
9907 
9908 
3-994493 1/9909 
991 


3-9944051 
3994449 1 


3-994 F371 


3.9953983 
$-9959422 
3-9959 36C 
3 9960298 


3.99607 37 


3-99 30392 
3-9930834 
$-9931275 
3.9931716 
3 9932157 


9876 
9377 
pore 
9879 
9880 


3-9945811 
3-994625 1 
3-9946690 


9911 
b9n2 


9913 


3-9961175 
3-9961613 
3+3$,62051 


3-9947130/99 1413-9962489 


3-99475609 9915 


9811 
9812 
9813 
9814 
9815 


9816 
9817 
9818 
9819 
9320 


3 9917133 
3-9917575 
3-99138018 
3.9918461 
3.99 18903 


9846 
9847 
9845 


3-9932598 
3-9933939 


9849 


3-99734830 
3-9933921 


9850/3-9934362 


9851 


3-9919345 
3-99 19780 
3-9920230| 
3-9920673 
3.9921115 


3852 
9853 
9854 


988 1 3-99485009 99 16 
9882 3.9943448 9917 
988 3/3-9948888 99 18 
9834 3.9949327 9919 
9885 3.9949767/99 2C 


3-9934803 
3.9935244 
3.9935655 
3-9936126 


9355 


13.9936566 


$519888 


9886! 
9887 


988g 
9890 


39950206 
3-9950645 
3-995108; 
3-995 1524 
3-995 1963 


1321 
1922 
21923 
29 24 
1025 


3-99629 27 
3.9963365 
3.996380z3 
3-9964 241 
3.9964679 
29965117 
3-9965554 
3-9965992 
3.99664 .30 
3-9966368 
3.9967305 


9821 
9322 
9323 
9824 
9825 


3.9921557 
3-9921999 
3.9922441 
3.9922884 


9856 
9857 
9858 


9859 


3-9923326 


9326 
9827 
9828 
9829 
9830 


$4992376 


3 9924210[986 
3.992465 11986 
3.992509 3]9864: 
3-992553 5]9865 


9860 
9861 


3-99 37007 
3-9937448 
3 9937888 
3 9938325 
3-9933765 


9891 
9892 
9393 
9394 
9895 


3.993921C 


23-993965c 
3 


3 -$9400Ogc 
3+9940FIf 


3-994097 | 


9396 
2897 


| 


9 
900 


$-9952402 
3.99 52841 
3-995328c 
39953719 
3-9954158 
3-9954597 
3.9955036 


<a 


3-9955913 
3.9956352 


9831 
9832 
9833 
93834 


983 5 


3.992597 7[986c 
3.99264 19[9 367, 
3.9926860,9868 


3-.99273O2 


$-09927744- 


9869 


9944 
3-9941851 
3-994229 1 
3.994273 1 


g870 


3 994.3172 


290 1 


3902 


3-995679 1 
3-9957229 


9903/3-9957665 
99043-9958 106 


292C 
»9 27 
3929 
2929 
293C 
9931 
3932 
2933 
09 34 
9935 
9936 
9937 
9938 


3-9967743 
3-996818c 
3-9963618 
3-9969055 
$-9969492 
3.99099 3O 
3.9970367 
3.9970804 
3.997 1242 
3.997 1679 
3.9972116 
3-9972553 
3.997 299C 


9939 


9905'3-9958545 


9940 


3-997 3427 
3.997 3864 


Ll 2 


CHILIAS 


I0, 


Num Logaruthm. 


Num 


Log arithm. 


Num 


9941'3.9974301 
9942 3-9974738 
9943 3-9975174 
9944 3.9975611 
19945 3-9976049 
9946 3997645 
0947 3-9976921 
9948 3.9977 358 
9949 3 9977794 
99 59 3-9978231 


9956 
9957 
9959 
9959 


9960 


$4707 34 
3.998 1285 
3-9981721 
3-9982157 
3.9982593 


996 1 
9962 
9963 


9964 
9965 


3.9983029 
3-998 3465 
3.9993901 
$-9984337 
3.9984773 


9951 39975667 
9952 3.9979 104 
9953 3-997954c 
9954 39979970 


3966 
9967 
9965 
39693 
[995513-998041 5199703-9g56952 


3-995 5209 
3-9955645 
3.9986050 
3.9986516 


9971 
9972 
9973 
9974 


9976 
9977 
9978 
9979 
0980 


Logarithm 
3.9987387 
3.9989823 
3.9988258 
3.99 338694 
3-9989129 


| Num; Log arit hm 


9986 
9987 
99 
998g 
9990 


$8 


3-999 3916 
,3+999435C 
39994785 
3-9 99F22C 


3-99 89564 
3-9 990000 
3-99904 35 
3-9990870 
3-999 1305 


9991 
9992 
9993 
9994 
9995 


3:9995655 


3.999609g0 
3-9996524 
3-9996959 
39997393 
3-9997828 


9981 
9982 
9983 


9934 


9985]3-9993481 


3-999 1740 
3-9992176 
$.9992611 


3 9993046 


9996 
9997 
9995, 
9999 


| — 


3-9998262 


3.9998697 


5-999913 
3+-99995 


1 ©000 4.0000 


k 


— DW A t— 


TRIANGULAR 
CANON 


Logarithmical : 
A TABLE 


Artificial SINES, TANGENTS;; 


and the Complements Arithmeticat' of. 
Sines, ſupplying the uſe of Secaxts, the Radius 
10.0086000, And to every Degree. 
and Minute of the Quadraxs. 


Sine, 


—— 


C 


6.4637261 
6.764756 
6.940347 3 
7.065786T 
7.162696C 


|6 © 250-4 on [wa > wo MM ial 


7 


7 


7-2418771 
.z3038235 
7.3668157 
4179681 
7-4637255 


STNE | 
Co n»lenent, | 


Tang. 


CANGENIT 
| Comple nent. 


10. OCOOOO00 


C 


Infinite 


3-9999999 
9-99 99995 
3 9999998, 
2-9999997 
9-9999995 


0.4637261 
5.7647 562 
59493475 
7.06573863 
1. 1626964 


13-5362739 
13-2352430 
t3.05g91525 
12.9342157 
12.8373036 


3-9999993 
2:999999 1 
3-9999988 
2-9999985 
2-299998 2 


7.2418778 
7-3088247 
7 3663169 
74179696 
7:4637273 


12.7581222 
12.6911752 
12.6331831 
12.5820304 
12+5362727 


7.5051181 
7.542906z 
7-5776684 
7.60g353C 
7.6398 16c 


2 9999979 
2-99999 7 4; 
3-9999965 
9-9999964 
3-9999955 


7.50OF 4203 
7-542909 1 
7-5776715 
7.6098566 
7 6398201 


60 
JS 
5v 
57 
56 
dÞ 
54 
J3 
52 
5l 
dh 


4 


t 2-494 5797 
l 2.4 579909 
12.4223285 
| 2.39014 34: 


7 6673445 
7-694173% 
1817.7 189966 
7-7424775 
2C17.7647537 


3-999995F3 
3 9999947 
9 999994c 
2-99999 34 
9-9999927 


7.6678492 
7.694 1786 
7.7 190026 
77424941 
7.7647641C 


[2.3601799 
12.3321508 
12.3058214 
1 2.28099 74 


12-2575159 
12.235239Cc 


7:75 59427 
7.806 1458 
763254507 
7-8439338 
7.9616623 


7.8756953 
7-38950854 
7-9108793 
7 9261190 
7 9408419 


9-9999919 
9.9999911 

9999903 
3-9999 3994 
9-9999335 
9-9999 #76 
2 9999866 
3-9999856 
2.999984 
9 .c999835 


7-7859508 
7-8061547 
7.8254604 
7-3439444 
7.8616738 
78537077 
7-8950988 
7.9108938 
7-9201344 
7.9408 584 


12.2140492 
12.1939453 


[2.174539G 
12, 1560556 


I2.121 2923 
12.10490 1: 
12.089 1062 
12.0738656 


SINE 


Complement, 


| Sine. 


A NGEN 


Cemplement. 


Tang. 


l2.1383262133 


[2.059 14162” 


4 
+7 
46 
D 
44 


Tum. Ariti- 


netic. of Sine 


19. 0000000 
3.5362735 
3-235 2439 
3.059 1527 
2.944214cC 


2.837304 


2,758 1226 
2.6911761 
2.6331843 


2.58203 15 


2.536274 


"n. Ari-n, 
of Sins Com. 


-O©SOCOOC 


000000Q 
.0©O0090 1 
OQO9QOCO? 
©CO0O00031 
©200005 

0000007 
©20000g 


COOQOIs 
OPOOO I 


2.49488 1g 


2.457093 5 


2.422331C 
2.390 14.7C 


36018.4c 


©OGOO22 
0000026 
000903 1 
0000036 
.000004 1 


ts» oe 0H td to | Fe 


3321555 
3058267 


.2810034 
.2575225 
-2352463 


«2140573 
1933542 
1745493 
156066: 
1393397 


4 & od od bw] & &e to be: tu 


1213047 
.1049146 
.039 1207 
.073881c 
2.0591581 


.0000047 
©O000053 


.OOCQO60 
000006 
OCOUCOO7} 


.OCOO1 15 
COSTUS 


cococsi 
ocooog 
©0000g7 
0000106 


©OOO 124 
©000134 
©0000 144 
OOCO15F5)5 
.00900165 


| 


=p TANGENT rith- « Ari 
$10e. RE L414 Tang. ck obo hed i & Sine of Sine Gon. 
z0/7.94034 19/9.999933 517-9408 58412-0959 14 16]30[2.059 158 1].0000165 
;117.9550319 9-999982 317.95 509961 2.0449004[29 2.0449 181].0000177 
-|z 217.9688698[9-9999812[7.9688386|12-0311114 28]2.0311302|.c000188 
33 7.9822334 9.9999800 7-9822534 | 2.0177466[27]2.0177666|-0000 200 
3417-995 198c|9.9999738[7.99 52192 1 2.9047808]26]2.0048020|.coco2 1 
$.007786719-999977513-0078092] | 1.992 1993 ” I-9922133].000022y 


,618.020020719-999976218.0200445| | 1-9799555]24]1-9799793] 090023 

4713.03 19 19519-9999748[3.03 19446] 11 96805 54[23 1.9680805]-000025 2 
z$]3.04.35009[9-99997 3 515.043 5274|1 1-9 5647 26]22]1. 956499 1].0000265 
3913-05478 14[3-999972 118.054 8094Þ1 1-945 1906]21[1.9452 136] 0000279 
4013.06 57763[9-9999706[8.0658057] 11-934 1943]2011-9342237|-2000194 
4113.076499719-999969 113.0765 3061 1.9234694 19 1.9235003|-0000309 
4218.0869646[9-9999676 8.0869970 [11.913003C0 181 »<1303 54]-00003.24 
4313.097 183 2]9-999966d5.0972172 11.9027$28| 171 1.9028 168]-C00034c 
4418. 107 166919-9999644[$. 1072025Þ1 1.892797 5| 16[1.89283 3 1].0000356 
4518. 1169262[9.9999628[$. 1 169634{1 1.8830369g| 1 5]1-5830738|-0000372 


) 
| 
7 4613. 1 2647 109999961 13. 12650991 1.8734901}14[1-873 5290 
; 4713.13 58 104[9-9999 5948-13 585 101 1.864 1490 13]1.564. 1896 
: 4813. 144953 2]9-9999 57713- 14499561 1.85 50044] 1241.85 50468 
49\3.153907519-9999 55518-15395 161 1.8460484[1111.8460925 


3 5013. 1626808[9.9999 54118. 16272671 1-8372733]11.3373 192] 
1 5118. 171280409-99995 2218.17 13282]11.8286718] 911-8287 196|. 
g 5213. 1797 12119-9999 59318. 1797626}1 1.820234 1.820287 1]. 
7 318. 1879848þ9-9999484[8-1880364[11.8119636] 7]1.8120152þ 
06 5418. 196102cþ9-9999464(3.1961556|11-803$444] [1.803898 
15 55 3$.2040703[9-99994-44[3. 20412591 1.795874 1]_5[1-7959297h- 
24 : -9999424[8.2119526[11.7880474| 4]1.788105 1] 
34 9:9999403[8. 2196408[1 1. 7803 592| 3[1.780418g 
44 -9999 38218.2271953[11.7728047] ?[1-7728665 
55 456405 7 2346208]11 7653792] 1117654432] 
165 319-999933F8. 0002 02 7580784] © 1.758 1447 
Sine. comin, F TING. "Tang. [ _ 


Sine $LNE 
8.2418553 
pd led > 
3. 2490332 
3.2560943 
3.26430424 
3,2698810 
3,2766436 
$.2832434} 


| 
, 
[| 
2 
3 


1 


9-999927 


9999922 
.939920 


8.3025460Þ* 


|S 


8.3149536 
8.3210269 
$8.3270163 
8.332924 3 
8.4337529 


8. 3445943 


11 
12 
13 
14 
15 
16 
17 
1 8Þd» 
j 
20}d» 


3-9 999902 


8.3$2762c|3*99 
8.387962 12-99 


6 
2.718.403 199c}9'99 


29[341 


— 


SINE 


Complement. Ine. 


Complement. 
——_——ee Oe EI mr - — 
9-9999 3 38]8.24192 15]! 1.758 


9.99993 10 5.245 1015|14,750 
9.9999294]5-256 10+ 


9-9999247]5-2699563 


8.308794 119:9999 106 


9 9999974 
9.999904? 


9.99938994 
9-9998966 


9.99989 39 


8.37217 1C 9.5998 794 
8+ 9999764 
387 34 
93703 
$.393 1005|3-999567 
©393179+19 99935041 
983605 
2813.403 1614 3-9995577 
206761999535 44 
> 018.4 179 190 9-99953512 

5.4 179 190] 2 


TTANGENT 
Complement, 


Sine, 


9111.7 45 
118. 263115311 7 365847 
8.27669 12 
$.2833234 
3.2895555 
3.29629 17 
3,3026335 
3. 2038342 


3.3150492 
3.3211221 
3.3271143 
$.333024) 
$.33858563 


3.3446105 
8:3502895 
3.3558953 
3.3614297 
3. 3668945 
$.3722915 
3.3776223 
$.3828386 
3.3335918 


[ 1.67887 79 


| 
I 


1 1.6497 10 
1 1.64 41047 


1161190932] 


8. 398 $152 
3.4033381 
3.4033037 
3.4132132 
3.4 180679 


11.5966619 
11.5916963 
11.58678658 
11.581932! 


11.7390437|50 
11.723 30838155 
(1.7 166766\5+ 1 
11,7101441]5 
11.9037933]) 
11.6973665]5 | 
11.691 1158]5% 1-69 12959 
| 1.63 $/49|1.6850464] 

e+e s 1.67897 3 1| 
11.6723357+71! 
(1.666975 1/46, 1-0670757| 
[1.6611437}h) 1.661247 1} 


1 1165538g95|+3]1-05 54957} 

$[+3 1.6498 195| 
4211.6442165 
111.63 86850]-0091147 


1.633223 1]-090117 
phate ed. 6 


9 1.6278290|-0001206 
$|1.6225012|-000123 


11.6385703|t 
11.64431055|+% 
11-6277085|3 
116223777 
(1,617 1114 


3,39432336\l 1.6067664| 
11.6016348} 


Com. Arith. Com. Arith. 4 
\ metric. of Sine. 
———_— ets 


$711.61723 
3611.6 120378|-0001297 
35] 1.606899 2]-000132 


34] 1.6018207|-0001359 
33|1.5968010{-000139! 


32115 
3411.5 


ISSN, 
ANGEN 


p T 
Gomp'e nent 


Tang. 


o785 60 1.7 581447 -200066 1 
3985159, 1-7 59906 
8351158 1-7439957 
57,1-7309 57 6þ9000729 
1-7301190 
\1.7233864 
+7 167560 
3'1-7102266 
| 

2:1.7037933Þ 
1.697454 


6729837] 


8 


30 1.820810 
88 


| of Sine Com. 
mm or i OI 


$\.000068.4 
0000706} * 


0000753 
.0000776 
.oo008090 
0000325 


0001264 - 


183 $6!.0001423 
69324 ,000145 


,00014 
FIT 


31 


34 
35 
z6 
37 
- 
39 
20 


41 


b7 
48 
+9 
5C 


I| 
39 


3213.4274621 
33134321561 


INC. 


SINE 
Complement, 


Tang. | 


$.4179190 
8.4227 168 


3.4367999 
$.4413944 


9-9998512 


3.4 180679 


3-999 34-78 
3 9998445 
2-999841 1 
2 9993376 
92-9993 342 


Ss 4459409 
3.4504402 
3.45489 34 
3.459 ZO I 3 
1.4636649 


3 9399306 
0 9993271 
9-999592 35 
9-9998 199 
9-999 162 


3.4679850 
$.4722626 
3.4764984 
4.480693 2 
3.4343479 


9.9995125 
3-939 8088 
9.9998050 
9-9998912 
9-9997 974 


5.4223690 
5.4276176 
3.4323150' 
3.4369622] 


3.4461103 
3 4506131 
5.4550699 


8.45948 14 
$.4638486 


I ANGENT; 


Cotnplementr. 


11.5819321 


11.-5771310 


11.5723824 


11.5676850 


1 1-5630379 


3.4415603|11.5584397 
11.5533897 
11.5493 869 


| 1.544930 | 
11.5405 136 
11.5361514 


$.4631725 
44724538 
3.47c6933 


3.4808920 
8.485050, 


8.488963 2 
3.49303g8 
3.4970784 
3.5910798 
$.5950447 


99997935 
9.9997596 
9-9997856 
9 9997817 
9.9997776 


Fl 
F2 
FI 
54 


3.50897 36 
$.5 128673 
3.5167264 


J5 


8.54243430 


3.520551419-9997612 


9+99977 36 
9-9997695 
9-9997653 


99997570 


3.489 1696 
3.49 32502 
8.4972928 
3.5012982 
$.5052671 
$,5092001 
8.5130978 
3.5 169610 
8. 5207902 
8.53245860 


| $618.528 1017 
$718.531828} 
5W.5355228[9.9997441 


$918.5339186319.9997398 
598.5428 192 


9-9997 527 
3-9997484 


9-99973 04 


8.5283490 
$.5320797 
3.5357787 


3.5 394466 
3. 5430338 


SINE 


Complerpent. 


Sine, 


©} Complement. 


1 1.531927 
I 1-5 275462 
11.523 3067 
11,5191080 


[1.5 149495 
11.5108304 
11.5067495 
11.5027072 
11.4937018 


| 1.4947329 


1 1.4997999/ 
11.4869022/ 


11.4830387 
11.4792098 


11.4754 140 


11.4716510 
11-4679203 
I11.4642213 
11.4605534 


11.4569 162 


oe dy 


| Tang. 


z3C 
29 
28 
27 
26 
25 
244 
23 
22 
21 
2C 
19 
18 
I7 
IG 
$' 
14 
13 
[2 


IC 


on, Arithme+» 
fic. of Sine. - 


Con. Arith. 
of vine Com. 


-000148h 


1.5772832 
1.5725379 
1. 5673439 
1.5632001 
1.5586056 


COO1 522]: 
.oOOrF55], 
.COO1 58g 
.0001624|/ 
.000165+ 


5540591 
+549 5595, 
- 545 1066 
5406987 
1.5363351 


i 
[ 
| 
| 


.0CO1694h 
.0001729 
0001765 
.000 1801 
.0001838 


1.5 32OLFC 
1.5277 374 
+5235016 
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813.9516957 
3.9539996 
3954499 | 


$« 955396c 


£ 8.966893 


1218957284 3|3-93$2089 
3.9586703[9 9931974 
3.96005 1719-998 1859 
8.9614288]9.9931742 


2013-963 2487| 


9933532 
I. _ 3226 


6:19 9933 10913 
13 9932997 
! 9 9932835 


3.943 4044 
3 9443523 


9452954; 


$.9477338, 
3.949 1676) 


1 1.05$04.3þ 
lt ©565956 
L1.0551477 
[154.7046 
[1.05 22662 
11-05O83 24 


2-9 392772 
2-99 3266c 
1-9982546 
2-99324.33 
2-9982318 


3.9505967|11-0494033 
3.9520211|11 0479789 
5.9534410,11.0465590 


3 95438564 


3.9562672 


99982204 


11.0451439 


11.0437328 


3.957673 5/11.0423265 


3 9590754 


[ 1.0409246 


3.9624728/11.0395 272 
3.9618659/11:038134 1 
3.963254)! 1.0367455 


-9981510 
9931393 
9921276 
o98115 


3.96.46 48< 
8.966018: 
3.967 3944 
3.9687658 
3.97013 3C 


11.0353612 


11.0339$12 


11-0326056 


11.031234? 
[1.0293670 


2318. 972.289 5 
2418-9736280 


.998 1040 
99809 21 
«9 98080} 
.9980683z 
9980563 


2$18-97 8940 


$26]3.9762926|9.99 8044-3 
2718.9776188h9.99$03 2: 


8:98025 899.99 8008/1 
729]9-99/7996 


9980202 


0.9714956 
8.9728547 
3.97 42092 
3.9755597 
3.0769050 
8.9782483 
3.9795865 
$.9809206 
3.982 2507 
8.9835760 
FANGENT 
Complement. 


—_— ww 


SIne. | 


11.0285040 


11.0271453 


11.02 57908 
| 1.0244403 
11.-0230940 


11.021751/7 
11,.020413F 


11,0190794h 


11:0177493 


11,0164231 


Tang. 


(601 0597040 
59] tO532624 
58 1.0568257| 
57,4: 0553937 
59 1-05 39665 
J3 1-0525+39 
5+1-2511261 
J3 1-0497 129] 
521.0483043|. 
51, 1.046500, 
$0.1.0455009 


.00 165 53 
-0O 1666 


-CO168g1| 


.00 17228 


Cm. Arith, ( 
ot $ne C5% 


— - 


-001678q 


0017004] 
OGI7II' 


-0017340 
0017454 
.0017567 
.0017682 


49'1.044106G 
45 1:-0427157 
4711-0413297 
46 .1.0399483 
45/1 0385712 


-0217796 
.0017911 
.00 18026 
0018141 
.0018257 


441. 0371986 
43]1.0358403 
42]1.0344663 
4111.033 1066 
40,1.0317513 


.0918371 
.00 18490 
-OO 1 8607 
00187925 
.0018842 


3911.0304001 
38[1.0290532 
37]11.0277105 
36[1.0263720 
3511-0250376 


.0018g6 

.0019079 
.0019198 
,.0019317 
0019437 


3411,0237074 
3311.0223812 
32/1 0210592 


3111,0199411 
3011.0184271 


»COI95F7 
.0019677 
001679 
.001991 
©0290 


: 


"a 


"a 


I, vy1ne- I - , 
zo[8.9815729]9-997996 


+2 
+3 
[+4 


3.984 183919-997971 
3.98549 1919-9979593 
3.986789 119-997947 


3.98380834 9-99793 4719. 


8.984899 1 L 1.015 1009 
.986217311-91 39927]2J4-0158114]-002024, 
11.0 1246$3]2711.0 145090002040 


3.989373719-99 223 


3.9906602]9-99799993 
3.9940454|* 1-02595 
3.9953 3671! 1.004663 3 
8.996C243|11-2933757]22 
3.997908 1 l1.00209 1G 
8.999188; 1 1.00081 157 [ 
9-2004647] 19-9995353 
.00173751109-998262; 
9 0030066|10.99699 34 


9-9973975 
9-9973850 
9-9978725 
9-9978590 
3 99703 56j9.9978473 
$998299419-9973347 
8.9995 59519-997822 
.co081 60J0.997$09 3 


9-9977966 


9-99775 
-00704 3619-9977453 


9-9977964 


008278419.99773239- 
-009 509619-9977 194]9- 


3-004.2721 


-0119616Þ9-997693 3 


-0143996(9-9976672 
42-1 299701465 
016923 9997640 
01803 97647 
01923 4619-9976143 


SINE Sine 


Complement. 
— ——— — 


0179594 
0191831 


J-02040J 3 


0167325 


10.9957279 


IO 


10.9832675 


1510-999 184 1þ-002 196 
[9-99793 13] 00220 


1.0191171þ.002046 


1.0132 108].00R05 30 
I,OI 19166 .002065 
1.0106263þ.0220777 
1.0093 3909 .0920901 
1.008057 1.00210 
1.0067783 00271 Ye 
| ,005503 2-002] 27 
1.00423 199-002 141 
1.00296.4.4|-0021 5 
1.021 7006 0oahs 3 
1.0004405[-0021 


3.996682 1 jars 
90-9954 300}-0022290 
0.994194 4-00 122415 
2.9929564þ002 i 
2.99 172 16|-00226 

2.99049 04-002 25Q6 
D.9 26265 IO2 3 6 
9.9 o 4.002540 / 


\ 


i0.93 20406 
10.9808 1 69 
(0-9795967 
109783798 


——— TE —_—— 


Tang. 


N a 


mw ww 4 a. ow 200 | = 


0.9807654]- 
— a 


ad 
Oo 
to 
_ 
Q 
fy 


2 
19-997 5877190240441 
3c 60238250 -997574319-025 25 10 
| 4]0240157[3-997 5609Þ9.0264 548 
$12:225202712:2975475 
d26 38659-9975 3449-02885 24 
719-02 5669f9-997 520519-0 300464] 
; $13.02 206 .9975C »7'% 3.03 12373 

| 9.0299 182þ.997493 319-03 24249 
10-03 i0890ſ9.9974797]9-93 36093 
I 119.03 22567Þ-99 7466019-0347906 
, 2-03 34212þ9-997452 39-03 59638 
13jg.c 45825Þ -9974380]9 0371439 
9-9974248[9-0383 159 
9.039484 83 
9 0406506 
9-04 13134 
9:042973 1 
9-044 1299 
9-997341419-0452836 
616]9-997 327315 0404341 
9.0475821 
)-04.87270 
099-049 8689 
69972708 9.05 10078 
9.052 1439 
0.053277 1 
9.0544074 
3-05 55349 
9.0566595 


$3 5880.997 1993 


A EN 


Sine, TANGENT 


— 


ple.nent. , 
10.978 3798]69Þ-8076 544. 
10.997 1662159] 979565 
19.9759559153-978 3682 
10.97474905 71-977 1746]-0024257 
10.97 3545 215597 5$98+3]-002439 1 
10.97 23443]5 5974797 3þ 9024525 
10-97 1 14761597 36 1 3 5]-002466 
10-96995 3615 3-97 243 3 14-092479 
10.9687627152-97 125 58þ002493 
10.967575115 1|-97008 18].00250 
10.9663907]5O 9689 1 10|.002520 
10.965 2094[+Y-96 77434-0945 3 
10.96403 1 2þ45þ-9665788|- 
93S" +7]9654175þ 
10.961684 1j40[-964259 3 
10.9605 152/+5-963 1042 
10.959349414449619 523]- 
10.958 1866[43|-9608034 |. 
10.9570269[42 9990573]: 
10.9553761]4 19535 148). 
10.95471 -9573751\- 
10.9535657 
10.9524179 
10.9512730 
10.9501311 
10.94 399 2213 
10.9473961 
10,9467229 
10.945 5926 
10.9444651 
ES, 

Tang. t* 


LSE, | ang, | 


bJo05:3383e0971995Þ22306 399121945 4) 
! 997 1849l9-9577343/19:9422130/291-245933 
0 ,og8900A 10,341 -943 
3-057 19231 .0600 164 10.9 3990 36(27[-94292 
pp onpapl - 20 L129 {1093 L723 
059367 q 
Ps, 122}9-96 34454 109 4 
3.06 1550919-9970976P 9644533 19-935 31-9 35449 
8.06 263 3619-99703 29}9-0655554 1049 3: 93736 
2.06372.3519-9970682þ9-96665 5 319-933 3447-1939 276 
2.064805 49-9979535 9:9677 52419-93224 351 
2.06 5885219-99703 $465]1993 145 $3414 
9.06696 1919-9970239/9-969938 1 (9:020003 3303 
969034 o9-997009019-07 1027 19.923g 9319 
069 10749-996994 1/9-0721133 10492788 b) 20098 
$0.07019618-0969792 0731 823 
2996964259 -2742779109 9357 
9.0723 055-99694929-0753 56 
MOT U0 9969342|/94976432 10-923 I 


$2663 3} 
29969 191 972595 S_re FT 
07 10.92 IOo.g O 


nr > 
3-0765 325 > 990 96441 10-9203 55 


$3þ.07863 109. 99685849 08177 N10.9182 
9.079676219.996843 19-08 2833 1110-9171 
þ 0807189 9968219$9.083891 1110.9161 


0 loggilfo 
085999 
050 


o89 143 


T 


ne 7 TEM TEETER 
585894510: = 08g 143 61:0: 214195 5/-003 244 | 
086922119. .0991 86H 10.9098 4 1] 55-91307479j-004 264 
087%; 47 «09 12277 58]. "9 120527 -003 280.41 
08897 09226 57/-911030c|-003296e 
0899 03 .003 3020 561.9 100097]-0033 x16 
.09 10092 0943355 $5]-po89y 180-003 327; 
09202379- {09 5 $667[10:90463'4 3134-907976 3 Lodz 3430 
09 3036919. 12Þ9-096 3955] 19-9036045]53}-906963 3Þ-203 3 58% 
094047419-9966254Þ-0974219] (0.902575 1152]-9059 526]-0033746 
9-09505509-9965096[9.098446c5 10.901 55405 1-9049444[-003 350, 
-096061519-99659 3719-9994 678} [0.900532 2 $9].9035 $5þ-2034063 
9-09 565119-9965778219- 100487 2110. 8995 128[49|-90293 49 :003422) 
; 5380852 219-99636 1919» t015044/10 :8984956{8{.9019335.003438 
KN p22» ph 9-9965459 «1025192 10.8974808[+7|[-9909349 0034541 
+ . 10006 169.9965 2999-10353 1710.39 6468 3]46|-39993841.0034701| 
10105589.9965 13819-1045420) 19-39 54580 5þ3989442þ-0034862] 
[{6þ5-1020 77  1o5 g5ogj10:8g44.500þ4{3979 523-003 5023] 
| . 9. 10303536: 9.1065557110:39 34443 43]-8969627[-0035 18; 
8[9: 1040246(9. 9.107559 1110:3924409 ef g99754 0035345 
9.105029619-996449 3 9.1085604{10.8914396|4! 8949904{-003 5507 
x — 99643 30]9- 1095594/10.8904406[401.8940076].203 5670] 
ik 110 621108894431 4438 [8930271 0035833 
6 1 ITE 10. 88842409 38] 8920488 035506 
: W 4 9-H 25431 16.8854569137]-39 10728|.0036159f 
[71941135333 10.8864667 36]. f* phe panes > 
25 110 72 :1145212]10.8854789135][.8 9127440036487] 
9.111842 ShobIs 11550721 10.884492 Onereg 
19-112809219-9963183}9- 1164909, 10.883 5091[33|.887 1go8{.0036817 
NG. i 137742 5063018 t194724|10.8825276]32]-8862258|.003 6982 
9. 114737019-99628 5219-1 184419 10.8815482Þ 4-885 263<þ.0037 148 
2.115 -"f -0962636(6. 1194291 10.880570g Z -$843023þ003731 
Tanks, | Sine. FTANGENT| Tn gent] Tang. = th | 
4 nA 


ah 


POL SCE 
9.9962686'g. 1 194gp 1/10.8805709 30.854 4023-00373 1, 
3-99625 19})-1204043| 10.5795957}29þ 5533435 :0037451 
9 9962352]9-1213773 10.8736227]25|.8823875\.0037645 
2.996218519.1223482}10.87765 13|27].8814333'.0037815 
2 09962017|3.1233 171] 10-8766829/26|.38048 1 2.003798; 
9-996 184.9}9-1242839 10.8757161 [8795312003815 
g 936168 i119 1252486|110.874751 .8785833 .00383 19 
09961512j9.1262112[10.8737888[23þ. 8776376 .0038488 
9.996134 3[g-1271718|10-8728282[22}.8966939 .0038657P 
9-996117419.1281303|19.$7 13697|21|.8757523 .0038826 
9.595 1004[9. 1299868 10.879 132/ac[$7,8128 .o03 8996 
126 1246} 996083 4]z+ 1300413 10.8699587| 198738754 .0039 166 
421) 1 270600f9-99 6066319 1309937 10.8690062 18].87 294000039337 
9.9960492þ. 13 19442|10.86805 58] 17]-87 20066] 0039502 
Q $4 4-0 mr ceſs 10.8671074\16|.37 1075 3].0049679 
45 g9.12938539 3-9960149 9.13438390 10.866 160g I .8701461 .0039851 
3.13078 12]9.99 59977þ-1347835|10.8652165114|.8692188].0040023 
1119.13 17064[9-9959804h9.1357260]10.8642740[13 8682936.0040196 
4819. 132629719-995963 1191366665 10.8633335 | 2].8673703/.0040369 
.1335509Þ9-995 94 58Þ9-1376051[10.862394g]1 $664492,004034} 
509-1344702[9-99592834[9.1385417 10.86 14583]1cþ.8655298.004071 
-13538751[9-9959 1 1119.1394764{|10.8605236 9f-8646 125 00408 
.1363023[9:9958936[9. 142409 2|10.8595908| 8.863697 2.0041064 
1372 161]9-995876119.1413400[10.8586600] 57 $627839/.0041239 
.1381275þ 99585869. 1422689|10.85773 11] .8618725\.004141 
.1390370[9-995841 119-143 1959[10.8563041] 5þ-8609630.004158 
1399445 9-995823519.1441210 10.85587g90]| 4 -86005 55.004 1765 
140801 9958039: 1450442 10.8549558 3þ2591499-0041944 
3%. 141753719.99578 p-1459655 108540345] 2].8582462/.0042118 
1426555Þ.995770519- 1468850[10.8531150| iþ.8573g45).004229 
143555 319-99 57523þ, 147*025110-852 1975] 08564447, 00424 
| Complenxe, | Sine, ["EALERT] Tang. (72 | 


wm lol 


'8| Sine. 


c—O__lb _ 


+14355J3 


-144453219-9957350 
«145 3493}9-9957172 
14624 3519-9956993 
9-147135819.99568 15 
. 148026 2[9-9956635 


| Complement. | 
9-99 37 528) 


619. 1489 148] 
.lag8o15 
1506864 
1515694 
.I 524.507 


«1533301 


+ 1542076 


9-9956456 
9.9956276 
9-99 56095 


CITE Fang, 


9. 1478025 
9.143712 


9.1496321 
9.150544 1 
91514543 
91523627 


TANGENT 
Complemcnt. 


ig.3521975 


10.8503679 
10.8494559 
10:38485457 


9.1532692 
9-1541739 
9.15 50769 


9-9955915 
99955734 


9-9955 370 
9.9955188 


9.9954822 


99954455 
9954271 


995 3531 
49953159 


+99 52597 


9.9955005| 


9.1604569 
91613473 


19-9954639/9-1622361 


1631231 


1 83 


9-995408719-164.8919 
-995 390219. 1657737 


9.1559780 
9.1568773 
9-995555219-1577748 
9.1586706 
9-1595646 


10.344923 1 
10.8440220 
0543 1227 
10.8422253 
10.8413294 
10.8404 3 54 
10.8 395431 
108386527 
10.8377639 
10.8368769 
10.83599 17 
10.8351081 
10.8342263 


995 391719. 1666538 


025323 
9953345,9- 16049 


9.169283 
9.170157 


-9952785[9-171028g 


g.1718g 


8942 0.828101 
19-995 24099. 1727672 

«995222 uu 
+995 203349- 


10.833 346 
10.83 24678 
108315911 
10.83 16 1 
10.829 428 


10.85 128 18]; 


10.347637 3}5' 
10.846730Y 
10.845826115 


10.82897 1 \ 


m. Arith- 
met. of Sine. 


3.564447 
3555468; 


8537565|-0043 
35 28642þ09431$z 
85 19738|-0043 365 
$5 108352 
8501985] 
8493136]. 
8484306. 
$475493|: 
. 8466699]. 
$4579 24] 
.8449 166|- 
» 8440426]. 
451.843 1704] 
44).8424000]. 
+8414314) 
+8405646|. 


-8396995|- 
8388361). 


83199 19,004759 
$311441þ00477 
8302979 "—_— 


1 


9'g.169792 | 
1705465 
.1713893 
z[3- 172230) 
34/3-17 39699 
«1739077 
36h9- 1747439 
3719-17 55754 
z$ 317641 I 2 
3999 1772425 
g9.1730721 
4119. 178900 | 
203+ 1797265 
3/9.1305512 
9. 1313744 
9.1821960 
a6l9.1330 160 
9.1833344 
1346512 
9.1854665 
.1862802 


9. 1870923 
9.1387902919.994778 
9-9947591 
9-9947393 
99947195 
9.9946997 
8h.9946798 
1927342 
1935341 
1943 324 


.1887120 
9-1895195 
1903254 


1911299 


SINE 


ſe. Complement, 
9.9952033 


1-99 5 1944 
9 9951654 
1-93 51404 
} 9951274 
9-9951034 


9 9359393 
9 99 50792 
9-99 FOF10 
9-99503 15 
9.9950126 


9- 1744983 


TANGENT 
Compolement. 


10.8255012]3c 


.1753022 
3-1702239 
9. 1770840 
3-1779425|10-3220575 
9.175799 3 


— 
(0.8, Antame- Con Arito 


10.3246378 
10.8229 160 


10.32 12007 


91790540 
g9.1805282 
9.1313602 
9.1322106 


g9.1330595 


2D 1339068 
9.147525 
9.1355968 
9.1364392 
9.1872802 


9-994993 3 
9-93 49740 
9-9949 545 
9-9949352 
9-9949148 


9.1831196 
gei8895751 10.81 10425 
9-1397935 
9.1906287 10.8093713 
9.1914621,10.8085379 


99945964 
9.994 3769 
9-994 573 
99943377 
9.9943181 


10.8203454 
10.8194918 
10.81863983 
10.38 1773894 


10.381609 32 


10.8152475 
10.8144034 
10.8 135608 
19.8127198|15 


10.81 1830 


10.8102061 


9994798 p- 1922939 
9.1931241 
9-1939529 
9.1947802 


g9.1956059 
—— —— 


. 1964302 
9.1972530©O 
9.99465991g. 1980743 
9.9946399|g- 1988942 
9-9946 19919. 1997125 


Sine, 


ANGENT 


10.8077061 
10.8068759 
10.806047 1 
10.8052198 
10.804394 1 
10.803 5698 
10.8027470 
10.8019257 
10.8011059 
10.800287 5 


- Tang. 


10.3247761}2% 


10.3 169405 


-$16984.005 1036 
-8161656|.0051231 
-315348$|.095 142 


Poppy RAI 


_ 


_—_ 


SINE 
Complement. 


Tang. 


TANGENT 
Complement. 


.-| 1-9 946199 


«12-9945999 
- | 9945799 
) 9945597 
2.9945396 
909-9945194 


9.1997125 


9.2005294 
9-2013449 
9.2021588 
9.2029714 
0-2037325 


10.8002875 


10.7994706 
10.79386551]5 
10,797 $411] 37 
10.7970286 
10.7962175]5 


1-994499 2 
 [2-9944789 
19944587 
» [2-9 944383 
1.994418 


9.2245922 
9. 20 34004 
9-2052072 
.2070126 
9.2078165 


719 9943975 
119-994377 


2 9942122 
«9941914 
9941706 
«9941498 
.9941289 
9941079 


JÞe2118153 


[)-2134051 


71). 2236065 


3.2036191 
3-2094203 
)-2102200 
).2110184 


}-2126109 


).2141980 
)- 2149894 
1-2157795 
)-216568z 
3-2173556 
9-2181417 
9.2189264 
9- 2197097 
3-22049 17 
9-2212724 
5.220518 
9.2228298 


10 795407t 
10.794599< 
10.793792t 
10.7929374 
10.792 183« 


10.79 1380, 
10.7905797 
10.7897 808 
10.78898 1c 


10.78818.47 


10.787389 1 
10.7865945 
10.785802c 
10.785010E 
10.9842204 
10.7834317 
10.7826444 
10.7818583 
10.7810736 


10.7802902[35 


10.77950B3 


10.7787276 


10.7779482 
10777170; 


10.7763935[3© 


TANGENT 


Complement. 


Tang. 


+7 
46 


Com. Arith- 
matic: of $:ne 


50. 5056576þ 
59.8043707| 


38, 8040753 
2032814 

6 
55/80 16981 
5+. 300908; 


J3 85012075 


j 27993 342 
5 11.798549 
$0.7977955 
kg 
+8 


.8024$3gc 


79698 33| 
7962026 
7954234 
+7940455 
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19.6506710 
10.6500780 
10.6494357 
10.648894 1 
10.648303 2 


|-6595662.0106721 


.6612582..010587 
.6606935 -0106155 
6601294.010643 


6590037 .0107005 


10.6477131 
10.647 1237 
10.6465350 
10.6439470 


106453598 


10.644773 4 
10.644 1874 


10.64.3602 3 


10-6430179 
10.5424 342 


10.6418513 
10.641 269 


10.6406 874| * 
10.640 106g] ' 
106395264 


10.6339469 
10.643368 1 


10-6377 y00 


10.63721.26 
10:6366359| ©-6 


Tang. _ 


.65844200107289 
6578810.0107573 
.657 3208} 0107858 
-6567614.0108 14.4 
.6562027 .01084.29 
.6556448.01087 16 
65590356.0t0990 


.6545312 .0t0ga8g 
bee [44 pts, 7 


12C 01 E: 


e 


9+3602154 


Line. 
9-3 5$2088c| 


3-3 526344 
263 537264 


9.354815C 


9-3 5427 1c|9 


1-9 88694 

2886098 
9: 9886364 
9836070 
9-9885775 


SINE 
Com \lement. 
= 


| Tang. 


2:36 33641 


9:3 539401 
9-3645 i55 
9 3650901 
9.365664 1 
0. 3662374 


[19.63663 59|50 


3-35535B2 
3+ 35 F9IOO 
3-3 5644-26 
3-3569836 
9.3 575240 


$12.9885188 


)-98854852 


3.9834894 
2.988+4599 
3.93884303 


9-3668 100 
3-367331g 
3-3679532 
9.3685238 
3.36999 37 


9.3 580637 
9-3 536027 
9.359 1409 
9-3 596785 


9.3607515[9 
9.361287 
9-3618217 
9+362355+ 


olg. 3628892 


943634215 
9+3639539 


943644852 


9.3650158 
9-3655458 


9.36607 5c19 


3666036 
+3671315 
.3681 F3j 


9.9884008 
9:9383712 
29883415 
9 9883115 
9. 90882821 

9.988252; 
2.9882225 
29831927 
3 9381628 
9 9881329 


3.360696629 
} 3702315 


}- 3707994; 
J. 3713667; 
3.37 19333 


)-3724992 
3-37 30645 
3-3736291 
9-3741930 
3-3747563 


29881029 
2.9880729 
J 92koq2y 
9.9880128 
9.9879927 
9879525 
9-9 879223 
9.987892 h 
9.9 878618 
9-98783115 


9.376442 3 
943770030 
943775631 


21-3753 190 
9.37588 10 


9.3781225 
9.3796813 
9.37923 94 
93797969 

53803537 


SINE | 
Complement. 


Sine. 


[10 6280667 


TANGENT 
- Complement. 


TANGENT 
Complement. 


10 6360599 
10.63 54945) 
10.03 49099g 
10.6343359 
10.6337626 
10 633190C 
10.6326181 
10 63 20468 
10.6314762 
10.6309063 
10.0303371 
10.6297685 
10.629 2006 
10.6286333 


10.6275008 
10.6269355 


10.626370g " 


10.625807c[+ 
10,6252437]t2 
10.6246810 
10.624119ci 
10.6235577 
10.622999C 
10.6224369 
10.6218775 
10.6213187 
10.6207606 
10.620203 1 


Com. Arith: 
_ \metic, of metic, of I'ne 


50, 6479 12G 
59 .6473651 
53.6468190 
$7,6462736 
56|-6457290 


55.645 i850 


*©113445 
0114637 


011422 


Com. Ari 

of Sine Com, 4 
«©112761 
O11 3OF3 


0113930 


54-6446418 
j3 -644099 3 
$2.643557+ 
51 643016, 
50, 64 2476C 


.O114518 
-0114812 
-O115106 
0115401 
.O1 15697 


+9|.6419363 
+5.6413973 
+7;-6408591 
46. 6403215 
+5 .63973.46 


Q1 15992 
.0116288 


0116585 
0116882 
0117179 


+4 .6392455 
43|-6387130 
.6381783 
.6376442 
6371108 


id, 


0117497] 


0117775 
0118073 


0118372 
0113671 


6365781 
6360461 
6355145 
.6449842 
6344542 


39 
38 
37 
36 
35] 


0118971 
0119271 
0119571 
0119872 
0120173 


34 
33 
32 
31 


6339250 
-6333964 
6328685 
6324415 


10.619646 


Tang. 


39:63 1.8 147 


0120475 


0120777 
©121079 


.0121685 


76 


.0121382 


13 Ine, 

(5p NOTES 
309-3681853 
319-3687111 
z 43692363 
3319-3 697608 
$419-3992547 
35p-3703079 
436(6 «3713304 
3719-37 13523 
35]19-3723735 
39]9 3728940 
3-3734139 


44[3-37 543638 


9-9375263 


i(9-37393 3 1199874955 
4213-37445 17]9-937464.8 
43(9-3749696(9-9374339 


45]9-376003 449-987 3722]9 


SINE 
Complement. 


9.93783 1519 
— 
9.3509 100 


9.33 14655 
9.3320205 


2-9 375012 
3-9877708 
2-9877404 
2 9377099 
9-9 376794. 
9-93876483 
9937618319 
9-9875876 
9-9375570 


9987403 1 


9. +383 1285 
9.3836816 


9-3947358 
3.3353370 
9. 3358876 
93864376 


9.3375356 
9.33808 37 


Tang. 


TANGENT] 
Complement. 


-33035z37|19.6196463 


10.6 190900 
10.6185345 
I" 
3-3825748 10.6 174252 
10.6168715 
10.6163184 
.3842340[10-6157660 
10.6152142 
10.6146630 
10.6141124 


# netic. of Sine. 
301-6318147þ012168F 
29].63 12889 -0121988 


Com. Aritt-{Com. Arith* 
of Sine Com. 


28|.6307637|-012229 


47 


-6302392|-0122596 


26|-6297 153]|-0122901 


25 


.6291921]-0123 206 


24 
23 
22 


21 


20 


-6286696|-0123512 
-6281477|-01238157 
6276265] 0124124 
.6271060[.01244.30 
.6265561]-0124737 


l0.6135624 
+33869869[10.6130131 
10.6124644 
10.611g9163 
.338363 12{10.61 13688 


17 
[ 6]. 


5 


Pp 


'9 
18 


6260669[-O1 25045 
-6255483]012535 

6250304|-0125661 
-6245132þ0125969 
6239966{-0126278]: 


4619.3765 19419-93734 1 319-389 1781110.61082 19] 14|-6234806|.012658 
4 OED 9.9873103 9+33897244 10.6102756 134.6229653]-0126 
J9-377 549 3]9-9 87279 3|p-3902700|40.6097300|! 2|-6224507].01272 
4919.373063 3 9.987243219 3908 151]10.609 18491 1]-5219367].0127518 
$09-3785767[9-9872171[9-3913595|10.6036405| 19621423 3[.0127 
51-3790894(9-937 1860Þ.39 19034[10.6080g966| 96209 106|.0128 14, 
52p-379601 519-987 1549]9. 3924466[10.6075534| 5-6203985|.0128451 
$3þ-3301 12919-9387 1236[9-3929893[10.6070107| 7/-6195871].012874 
$4p-38062 37] 987092419.39355 13] 106064487] 5/619 3763].0 129076 
55p-38113 39]9-987061 119. 3940727[19.6059273|_5|-518866 1|.012938; 
569-38 16434{9-9870298}9.3946136|10.605 3864. .6183566 012970 
$7p-3821523þ9.9869984(9-3951536110.6048462| Y-617$477|.0130016 

539-3326605]9.98696701g. 395693 510.6043065| 2þ6173395|.013033c 
55 -383 1682þ.98693 5619-39623 26[10.69537674| 1þ-6168z 18],0130t 

; 3836752þ.5 986904 1jg. «396771110. 10.603 2286 | © 6163248|.013095c 
NE | Sine, ANGENT] Tang. Tang. |7* 


- 
— 


4 | SINE 
14 SINE. Complement. 


Tang. 


TANGENT 
Complement. 


[9.33 36752[9-986904 1 


9.396771 l 


2-9868726 
2.9868410 
) 9868093 


3.9567778 
93-9867.46 1 


119-3341915 
219-3546873 
3 3-385 1924 
3-3536969 
$19: 3 86200F 


9.397 308g 
9-3978463 
9 3983330 
9.398919 1 
9. 3994547 


10.603 228g 


10.602691 1 
10,6021537 
10 GOIGIL7C 
10.60 10809 
10.600545 3 


1-9867 144 
2-9866827 
3-9866509 
$432 th 
2.986537 2 


| 619+ +386704c 
| 7193372067 
$19-3377087 
g19-3882101 
L019. ;3887105 


9-3999596 
9-4005 240 
3-40 to578 
9-40l Fglo 
9.40921237 


9:9865553 
9.9865233 
99864913 


þ 9.389211] 
219.3897 106 
1319-3902096 
1449- 3907079 
1519-33 12057]9.9364.273, 
(6 9-39 <upy 4 9863952 
9.936363C 

«9863308 
19}9+39 3 1905[9-936 2986 
2019. 393685 219 9862663 
-394179419.9862340 
3946729 9862017 
19-986 1693 
9.9861369 
9.9861045 


9.986459 3/9-4942436 


9.4926558 
9. 4031873 
9.4037182 


3.4047 78.4 


3-405 3076, 
3-4058363 
3-4063 644 
9.40689 19 
94074189 
9:4979453 
9.40847 12 
9.4089965 
9.4095212 
9.4100454 


-39664101[9.9 860720 
9.9860394 
9.9860069 
9-93 59742 
.9859416 


+$3976215 
953931109. 


9.4105690 
9.411092 1 
9.4116146 
9-4121366 
9.412658 1 


10 600010. 


10. 599476C 
10 5939422 
10.593.409C 
10.5978763 
10.597 3442|t 
10.59681 25[+ 
10.5962815[+ 


10.5957514 
10.5952216 


10.59469 24 
10.5941637 
10.5936356 
10.593108 


10.5925811 


10.5920547 
10.5915288 
10.5910035 
10.5904788 
10.5899546 
10.58943 10 
10.5889079 
10.5883854 
10.5878634[3 
10.5873419 


| comtenem. | Sine. 


TANGENT 
Complement. 


Tang. 


60. 

59 
58 
57; 
55 
24 
J+ 


53] 
52, 
51 
— 


ol 


46l 
+5 
++ 
+3 
42 
41 
40 
39 
z38 
37 


a 


35 


34 
$3 
q- 


30], 


wo 


_ |meric. of Sine 


6163248 
.6158185|. 
-6154127| 
.6148076|. 
614303 | 
0137992 


0132960 
6127933 
6122913 

.6117899 
6112891 
g/.610788g 
$'.6:02894 
7,6037904 
0092921 
.608794.3 


Com. Arith, 
of Sine Com, 
[2130959 
0131274 
-0131590 
-0131906 
-O1F2222 
0132539 
0132856 
0133173 
$1-0133491 
-0135330g 
0134128 
0134447 
0134767 
0135087 
0135407 
0135727 


_— 


608297 2 


.6078007 
.607 3048 
.60680g 5 
.6063 148 
.6058206 
6053271 
.60483 4.2 
6043419 
.6038501 


.603 3 59© 


.6028685 


6023785 


.60188g 1 
.6014004 


0136048 
-0136370 
-0136692 
013701 

0137337 


+0137660 
0137983 
.0138307 
0138631 
0138955 


.0139280 
-O 139606 
0139931 
.0140258 
0140584 


75 


<— m— 


a: 


LY 


33 
34 


b 


37 
38 


Fl 
F2 
F3 
j4 
ſ5 


9.49382539 
9-49873069.9852468 
9.4092068[9.985213 3 
9.409968324[0.985 1798 
9:410157519.985 1462 
9410632 


23985996 
39905739 
3-399 5754 
9-4000625 


9.4005489 
4010248 
9-4915201 
9-4020048, 
94024539 


4072987 


119.93 54471 


4619-406 3413 
4719- 4068320319 


SINE Complement | 
Complement. 


9.93594 16 

9-2859089]9 
9.3858762 
9.7858434 
9.9853 106[3 
9.285777 


9.4126581119. 7” 


3-4136993 


4; 


9. .4152570 


Tang. ob: 4 honba 


Complemen 


[0.53682 11 
10,586 3007 
10.53578309 
10,5852617 
10.5384743C 


4131789 


++142191 
+147383 


9.3857449 
9.3357119) 
9.9356790 

9.393 56460 
dobe6 rag 


9-+157752 
3-4162928 
9.+1680g99 
9.4173265 


10.5342248 
10.5837072 
10,5831901 
10.53 26735 
10.5821575 


9.4178425 


9.98355798 
9.985 5467 
9.39855135[3 
9.93 54803 


9.9854138 
.9853805 
3.935347 


4077766 


5 


9.411105 


5719-4115793[9.98 50452 
5819-4 120522[9.9850114 
3 


-4125245Þ9,9349776(9 
.412996219.9849438 


SINE | 
| Complement. 


9.9853138 
9.9852803 


9851125 
9850789 


4 


9.4204 146 
9.4209275 


2 


9-422973F5 


10,53 1642 
10.5811271 
10.5806126 
10,5800987 
10.5795354 
10.5790725 
10,5785602 
10.5780485 
10,5775372 
10,5770265 


4183580 
pate, 
4193874 
2,4199013 


4214398 
421951 
422462 


; 
9.42.4 5026 
F.425OI13 
9.4255 194 
9.426027 1 
9.4265342 


4234838 
++4239935 


10,5765 162 
10,5760065 
10.5754974 


10,5749887 
10.5744306 


10.5739729 
10,5734658 
10,572959 


9.4279408 


Sine. 


Complement. | T ANg. 


Pp 2 


29 


22 
21 


JT 
tw 
4275469110.5724532] *? 597475 


9.42805 25]10.57 19475]_2%:587003 
TANGENT 


Com, Arithme 


on. Arm 
of Sine Com. 


| 


fic. of Sine. 


30 


. 
28 
27 
26 


-6004.246 
3999375 
+5994 511 
- 5939652 


9140534 
.01409 1 1 
0144238 
-0141566 
0141894 


0142223 


60 14004, 
6009 122 


25 
2.4 


2 4Þ 


2Of 


Tol-5 


Jorge 


9 
18 


7 
I6 


ug 


-5984799 


+5 970276| 


-595580 
+595099 
+5946 184|þ 
-5941383þ01 


0142551 
0142881 
-0143210 


3979952 
597511 


5965446 
p, 


14 
L3Þ 
I 

na 
L Of* 


8]. 
Jl. 
6|- 


+5936587| 


«+5917461[-0147 19 
[9]-59 126940147532 


5931797] 
+5927013þ 
5922234 


59 12694]-014753 
59079 32] 014786 
+ 59031760 14820 
5984250014855 


.5879478|-0149 
0150224 
Al Ol ©150562 


Mr. 


"= 


Sine, 
9.4129962 


944134674 
9.4139381 
0.4144032 


_ 
bd] 


944-15 3468 


3-984.876 
9-9 84342 


9-98477 


J 414877819-984808 I 


.4280525 


9.429062 1 
9- 429 5661 
9.4300697 
9.4305727 


N T TINGENT Com. Arith- 
| comvtement. | TANB- | "conplencne | EA ; 
9-9 84943 
3-984909919.4285 575 


10-5719475 


10.57 14425 
10.5709379 


10.57043 39 
10.5699303 


0, 5694273! 


9.-4158152 
9.4162832 
3-4167506 
3-4172174 
106.4176837Þp. 
9-4 131495 
9.4186148 


\O co RES 5 6 


1419.4195436 
1519.4200073 


9-4190795[9- 


9.98474099.4310753 
9.9847059 
9.98467 17 
9-9846375 
9-994 5690 
9.9845347 
9845004[9-434579 1 
9.984466099.4.350776 
9.98443 16194355757 


9-4315773 
9.4320789 
9-4-325799 
9-43 30804. 
9-4335505 
9-4340800 


4255299 
«4259867 


9843971 
9843626 
9843281 
9842935 
.9842589 


944360733 
9.4365704 
9-4370670 
9.4375631 
9.4380587 


.984224219-4385538 
$Þ-4390435 


.984189 
.984154 


.98412009-4400363 
984085 219:4405295 


19-4-39 54-26 


99840593 
9.98401549.4415145 
9.9839805 
9-983945 519-4424975 
9.983910519.4429883 


Gs | Line, 


9.44 10222 


9.44.20062 


10, 5689247 


10. 5684227] 


10.5679211 
10.5674201 


10.5669 196 


10.5664 195 
10.5659200 


10.5654209 


10.5649 224 
10 5644243 
10.5639267 
10.5634296 


10.562933 


Com, Ari 


met. of Sine. | of Sine Com: 


60].5870038], 0150562 


59-5865 326 
53] 5860619 
57]-5355918 
56]. 5851222 
$5]-534653 2 
54]-5841843 
53].58 37168 
52]. 583 2494 
5l|.5327826 
$5323 163 


-O0 15FOgO1 
.0151240 
.0151580 
0151919 
015226 
.O 152600 
0152941 
0153283 
.0153625 
0153907 


49] 5818503} 0154310 
[:3 "#2138591 + 
47] 5809205|. 
46]. 5804564| 
4545799927). 


0154653} 


44 
43 


42}. 


+$799670'015637 


10.5624369 


10.5619413]40 


10.561446 


10.5609F 1543 
1056045743 


10.5589778 
10.5584855 
1045579938 
I0.5575025 
10.5570117 


W 1 


5786050] 
41]-5781434 4 
al. 5776824 

3 Bol 5772220/015779f 
. 5767620 


015775 
o1581 


3 5þ$753853]015914 
$7492741-0159497 
-$744701|.01598 
+$740133þ 0160195 
þ$735570|,0160545 


34]- 
33] 
32]. 
31 


Tang, | 


74 


7576302601 5845 | 
10.5599637136þ5758437|0158 
10.5594705]35 


3% 5731012] 0160895} 


p 45 «+3 36746 


* Ag 


1 aNGENT 


I 5 INE, 


—  ccnr—ocw— 
|0]p-42689 8819-9839 105, 


94273541 


0.4232631 
9.4287 16919 
2.429 170.119 


(9.4278089]9 


SLNE 
Complement. 


9.9838755 
9838404 
9.9838052 
98379701 
0.93837348 


* 9.4296228 


4309779 
9.43 14286| 
9.4318788 
943 23285 

327777Þ 
$4322264þ 


64341223 
4.345694 
9.4350161 
944354023 
.4359080 


k 
* 
4 
WP 
9.4363532 
94367980 
9.4372422 
l: 4376359 
9.4381292 
4335719 
/[P+4390142135 
394560 
94398973 
9:4493351 


9.98369g6 
9.98 36643 
9.9836290 
9-9 35936 
9.9835582 
9.9835227 
9.9834872 
9-9834517 
9834161 
Ae 


9 9833449 
9.9833092 
9.9832735 
9.9832377 
90-9832019 
9.9831661 
9.983 1302 
9.9830942 
9.9830583 
9.9830223 


[9-4527061 


Tang, 
5.4420883 


9.443478 

9. alt tay 
9. 4444579 
9-4449468 
2-443+352 
94459232 
9 4464107 
4468978 
9-4473843 
9-4478704; 
9-448 3561 
0448841 ; 


«449326 
4498102 


.4502940f1 


9 +4507774 
9.45 12602 
944517427 
9+45 22246 


94531872 
9.4541479 


944 546276 
4551069 


ge9829862 
3.9829501 


SINE | 


Sine. 


9.9829 14019.4565420 
9.9 828778þ.4570194 
9.98284.16]9.4574964 


4555857 
4560641 


TANGEN 


| Complement. 


Complement. 
10557011” ug 


10.5565214 
ICo5 560315 
[1045555421 
10s FFFOF3 


I ©. 554564 


10+5 54076 
10:5535893 
10.5531022 


10+5526157 


1045521296 


105516439 
105511587 


10.5506740 


105501898 


10.5468 128 


10.546332 
10.5450521 


10.5453724 
10.5448931 


1045444143 
10-54393 
1095434 

10.54298506 


105425036 
Tang. | 


1404 #7 


3 


" eFS<] 


-- 


_—— 


£573 1012 


29] 


MM 


427 
26 


25 


I 


EET 
-O161245 
[ O0y 
-016194 
0162 
0162633 


+ $7264 59] 
F72191 iþ 
$717369 
+7 12831 
5708299 


24 
23 
22 
ZI 
20 


e$703772 
.569925C 
5694733 
+ 5690221 
,$685714]. 


.0163CO4 
0163357 
.016371c|. 


9 


17 
16 


0.5497060 
10.5492226|14 
10.548739813 
10.5482573|12 
10.5477754!? 
10.5472939/19þ $6409.26 
9. 


$0 


15 


18] 


568121 2þ 
-5676715]|- 
5672223]. 
5667736]. 
-566325 


_ 
Blow www ſa a co 


5658777] 
+5654 306] 
. 5649839]. 
5645377 


”* 


113 


122 


— ” 
al” 


low GO Sl; [F) 19 


——— 
—_— 


14 
i5 
16 


1 


95.44.12182 
3-4416576 
9-4420965 
9.4425349 


9.4434103 


94442837 
94447197 
3-4451553 

9-445599419 
9 4460250 
9.446459 1 
9-4468927 
9.447 325909 


9+44297 25 


3-4438472]9 
g-g9825 14C49 
9-9924774 


complenen, |_120S- 
9828416 


9.4574964 


9328054 
9827691 
9-93827328 
9.98 26964 
9.9326600 
9.9826236 
9.9825871 
9825506 


9-9824.408 
9-982404 1 
9-9823674 
9.9823306 
0.9822938 
.9822569[9 


9-4477586 


l 
ts 


21 


23 


-443 190g 


P2Fi4es 9821462 
12919-449054 


9.982220 1 
09321831 


9821092 


<449484919.9820721 
«4499153 9820351 


[63+ 
4.50774 
9.4.5 1203 


4524879 
Se 20151 


3.453 3413|9.98 17370 


.4516322/9.9818863; 
9-4520603|/9.98 18490 


-98 1997919 73 
.98 1968 «46881 39 


.9819236 


-g8 181 7 
9817744 


SINE 1 
Complement. 


9-470Z11 . 


9-4579749 
9.453449 1 
9.4589248 
9.4594001 
9-4593749/10-5401251 
9.4603492] 
9.460082 32 
9.461 2967 
-4617697 
9.4622423 
9-4627145 
9-463 1863| 
3:4636576| 
9-464 1285 
9-4645990] 
94650690 
9.4655396 
9.4660078 
9.4664765 
9.4669 448 
94674127 
0.4678802 
46834 


4692801 
94697459] 


9-4706762 
9-47 11407 
9.4716048 


Sine. 


10.5354010 


10.53 30552 


TANGENT 
Complement. 


TANGENT 
Complement, 


10.5425036 
10.5420270 
10.5415509 
10.5410752 
10.5405999] 
10.540125 1 
10: 105396508 
10.539176$ 
10.5387033 
10.53382303 
10.5377577 
L10-5372555 
10.5368137 
19.5363424 
l0.5353715 


60 :5596619 - 
59]-5 592216\ 
53]. 5587818], 
571-5 5834-244" 
585579035] 
$5 $15 57455 1] 
4-5 570272] 
33]-5565897]-c 
52]-5561528|- 
5I-5557163þ 
$Ol-5 552803 
49|-5 545447] 
48].5544096|- 
+7|-55397 50 
46|.553 5409 
45þ5531073|- 


10.5349310 
10.5344614 
10. +53359922 
10, «+5335J23F 


10.5325873 
10.5321198 
10.53 16527 
10.5311861 
10.5307199 
10.5302 541 


44 


+5 526741] 
522414 
+55 18091]. 
5513773] 
5529460]: 


+3 
42 
41 
40 


Loud 
39 
3 
37 
36 
35 


F505 151] 
.5500847| 
+5496548]- 
+549 2252 
+5457966|- 


34]. 5483678]. 


10.5297888 


10.5293235132]. 
10.528859 3131]. 
10.53283952]30], 


_Tang. 


331-5479397| 


5475121] 


$4703409þ 
þ $4656 592]. 


75] 


$& 


z119-45 37681 
| $i 


. 9.455453619-951549419-4739 192 


Fi 


58 


$19+4557392 


9.4621989 


9.4535415 


4546192 
9e45 5044 1 


SINE 


== 


9817370 
9-98 16995 


9.98 16620 
9.9316245 


9.981587 


TFINGE IF 
Complemen:. 


Tang. 


10.5283952 
10.5279315 


10.5274683 
10.5270053 


9-47 1604 
9.472068 
9.472531 
94729947 


26 
2 
27 


2 


5462319 
8[-5453061 


5453808 


9.47 34571 10.5265428 


Rn 4 


25 


5449559 
+$445314| 


10.5 260808, 


$4575hacf 


9.9815117 


9.98 1474C 
9. 98 14363 
9.981398619.4757633 


.9813608 


10.5256192 
10 5251579 
10.524697 1 
10.5242367 
19-5237767 


9-4743 808 
3-4743421 
9+475 3029 


9-4762233 


- 


23 
22 
21 
20 


- 5441074 
+5436339 
5432698 
5423382 
5424160 


m Com. 
o Se 
5466582 


zc|. 


Arith. } 
of Sine Com. | 


0182630 


0183005 
0183380 
0133755 
018413c 
.0184526 

0184883 
.018526c 
0185637 
0186014 
.0186392 


3459 2684 
9-4596884 


9.9813229 
9. 9812850 


9.981247 


9.98 1209 119.4730592 


9.9811711 


9.460 1079 
4605 27019 
9.4609 4.56 
9.4614638 
9-4617816 


4626158 
14630323 


9-9811331 
-98 10950 


09810569. 4798887 


9. 9810187 


9.9809805 


9-47E6529 
9-477 I421 
-4776Cc0g 


h0.5233171 
10.5223579 
10.5223991 
10.52 19408 
10.52148328 
10.5210251 
10.520568 1 
10.5201113 
10.5196549 


4785172 


94739748 
3-4794319 


0.4803451 
3-480801 1 


9.9809423 


9.98@g040 


9.9808657 
3]9-9808 273 
9.9807889 


9.4817118 


10.5187434 


9-48 12566 
10.5182882 
9-432 1666 
9.4826210 


9.48307 JO 


10.5173790 
10.5 169250 


4642790 
«4646938 
9. 465 1081 


9507505 
99807 120 


9.9806735 
9.9806349 


0.9805963 


9.433 5286 
9.4339818 
9.4344 346 

.4348870 
0.4853390 


10.5 1647 14 
10.5160182 
10.5155654 
IO.FIFI13C 


Sine. 


TA NGENT 


14), 
13). 


10.5 19198910 


10.51783 34 


10.5146610| © 


Complement, | TANG. 


19 
| 
17 
1 6]. 
t 5[- 


5419942|- 
-5415729]- 


-F41 LIP 


12]. 


5357210 


537801 1|. 
5373842 
5369677]. 
5365517 
5361361]. 


5353062 
53489 19, 
534478 1 


0192495], 
.0192880 
20193265 


.01940 
94 UE 


0193651 


©0083 O\ fa bw 


10 


[77 1Ne, 
9:4659353 


94663453 
9 


4667609 
9-467 1730 
9:4675848 
9-4679960 
9.468 4069 
9.4633 173 
9.4692273 
9.4696 369 
9.470046 1 


2:9895963 
9.9305577 
9.9805 190 
9.9804803 
9.98044 15 
9.9804027 


9-435 3390 


TANGENT r1 
Complement. met. of Sine, 


Com. Aruh 
Sine Com. 


10.5 146610 


9.4857907 
944362415 
9.4386692d 
0.487 1433 
94375933 


9.9803639 
9.9803250 
9.9802860 
9:-9802471 
9.980208 1] 


9 4380430 
9:4384924 
9.4839413 
9.489 3898 
9.4398380 


94704548 
9.470863 1 
J.+7 I 27 I© 
9.4716785 
9.4720856 


9.93801690 
9-9801299 
3.9 800908 
98005 16 
9.980012 


9.4902858 
9-4907332 
9.49 11802 
94916269 
9.4920731 


9-47 24922 
9:4728985 
9-4733043 
94737097 


9.4741146 


9-9799732 
9-9799339 
9-9793946 
9-9798552 
9.9798158 


9.4925190 
9.4929646 
9-49 34097 


9:4938545 
9.4942988 


(0.5142093 
0.513758! 
10.513 3072 
t0:5128567 
10.5124067 


-F336517 
«5332391 
532827 

5324152 


5340647 


2220040090008 


-0194037 
«0194423 
0194810 
(2195197 
0195585 


10.5119570 
10.5115076 
10.5110587 
10.5106102 
10.5 101620 


-$319931 
5311827 

5307727 
+$F303631 
2515299539 


0196361 
-0196750 
(2197 140 

[2197529 
0197919 


10.5097 142 
10.509 2668 
10.5033 193 
10.50837 31 


10+50792691]45\.5279 1 


+5295452 
-5291369 


5183215 


- 5287290|.0199092 


0193310 
0198701 


0199483 
.0199876 


Lal 
10.5974 10]44.5275078 
10.50703541t3/.5271015 
10.5065903/4 5266957 
10.5061455|+1|.5262903 
10.5057012 


«4745192 


2319-4753271 
12419-4757 304 
25194761334 


4749234 


2 


; 


47653 
«47693 


$9 


28[9.4773 39 
2919-4777409 


478 141 


9795785. 
+979 5388 
-9794991 
9794593 
9794195 


8 


9-9797764/9.4947429 
9-9797 369 
9796973(9-495629 
979657 
9.9796182 9.4965152 


9.4951865 


94960727 


94969574 
9-4973991 
9-4978406 
9.4982816 
9.49 87223 


I0.505257 | 
10.5048135 
I0.5043702 
10.5039273 
10.50348.48 


+5254.808 
45250766 
+5246729 
+5242696 
5238666 


0200268] 
+0 200661 
.0201054 


yoo + 


49..5258844/.0201842 


0202236 
+020263 1 
-©020302 
0203422 
020381! 


10.50304-26 
10.5026009g 
10.5921 594 
10.5091718 

10.5012777 


3 3].5 230620 
32].5 226604 


"SINE | 
Cormplement. 


Line. 


TANGENT 
Complement. 


523464 1] 


.0204215 
.0204612 
.0205009 


.0205407 
0205805 


Tang. 


— >  O£S. _ 8 — — 


iq Sine, 


— 


9-478 5423 
3-4739423 


3 
3 

33 
3419-4797412 
35]3-4801401 
369.4805 385 
371-4309 366 
399-48 13342 
3919-48173 15 


J0.4-/31418 


1-479 3420 


409.482 1283/9:9790192 


SINE 


9-9794+195 


9.9793796 
21-9793 398 
9-9792998 
2-9792599 
2-9792198 
3-9791798 
3-9791397 
3-9790996 
3-9790594 


k519.434 1066/9:9758 


99.484501 


9.434895 119-9787365 


$9.43 52888 
919.4356320 
15Þ.4860749 
5119-4864674 
j2þ.4868595 
$3Þ-438725 12 
j49.43764.26 
ſ5Þ-48803 3 5 
569.4884 240 
570.4888 14.2 
$39.43920.40 
19Þ-4395934 
Þ-4599824, 


9.4825 2439-97 89789 
p4825248 97389386 
$3483 3165 9783983 
$9.4383711 


-9788579 
175 
9787770 


-9786960 
«9786554 
9.9786 148 
9.9755741 
9.9785 334 
9.9784927 
9-9734519 


Complement. 


Complement. 


=y : — 
Tang, [TANGENT Arie: ”"_ 


9.4937 223 


105012977 


3 


0205805] 


9. 5000422 
9.50048 14 


95017969 
9.5922347 
9.502672 1 
9.503 1092 
9-503 5459 
> 5939822 
mnouue 
9.504353 

9.595238g1 
9-5057240 
9.5061586 
9.5065928 
35070267 
3- 5074602 
9-5073933 
9.5087586 
9+509 1907 


097841 11 
9+9783702 


9.973288 


SINE 
Complement. 


Sine. 


9.5096224 


9.499 1626 
94996026 


9.5013588 


10.4903776 
$100539110-4899461 
9 9733293Þþ.5104849 

3P3+5 :99156 
9.9782474{3.5113460 
9-973 2063ſ9.5 1 19760 


10.5008 374 
10.5003974 


10.4999578 
10.4995 186 


9- 5009 2031104990797 


10.4982031 
10.4977653 
1094973279 


1064964541] 
1044960178 
10.4955818 
I0e495 1462 
10.4947 109 


10.49 864 10124 
2 3+ 
221.5 
il 
10.4963908/20]. 5 
19|- 
18]. 


7 


I 6+ 
I 5þ 


29]- 
23]. 
27 
26 
Z5 | 


-0206204- 
+ 0206602 
.0207002 
.0207402 
.0207$02 


.0208201 
.0208603 


0211421 
0211925 


10.4942760 
10.49384 14 
10.49 34072, 
10.4929733; 


14] 


13 


I2þ 
Il. 
IO} 


0212230 
0212635 
.0213040 
0213446 


0213352 


10.4925398,10 


10.492 1067 
10.4916739 
10.49124.14 
10.4908cg z 


0214299 
0214666] 


0215073 
.0215451 
.5119665|.0215889 


10-4895 151 
10+4390844 
10.483654 
10.438224 


O 


511576002 16298] 
5111858 I | 


.510796c.021711 
.5104066[02 1752 
5 100176].02 179 37 


TAHSanY Tang. [72 


Complement. 


q 


[EN 


ie =) 


_— 


® 


vINC. 


90-4899 824 
9.4903710 
94907592 
9.4911471 
9-4915345 
94919216 491921619 
9. 9492308 
P 492694 

39-49 30806 
9-49 34661 
9-4933513 


9-4942361 
9.494 6205 
94950046 
9-4953383 
9-4957716 


9.9732063 
99781653 
99781241 
9-9780830 


9.9780418 
.9780006 


ITYE | Tang, 


9.5130641 
9.5134927 
9-5139210 


319-9779593 
9-9779180 
9-9778767 
3-9778353 
949777938 


9.5143490 
9.5 147766 
9.5152039 
9-5156309 
9.5 160575 


9-9777523 
9-9777 108 
9-977669 3 
9-9776277 
9:9775860 


9.5164838 
3-5169097 
35173353 
4.5177606 
g9-5181855 


9.496 1545 
9-4965 370 
4969192 


2019.49768324 


9-4980635 


2219.49 84442 


4988245 
4992045 


-4999633 
+F003421 


4995840 


9-9775026 
9-977460g 
9-9774191 
9-9773772 


9-977 544419 


5186101 
3-5190344 
9-5 194583 
9.5198819 
9.5203052 


9-9773 354 
4 97729 34 
99772515 
9-9772095 


9.5207282 
9-5211508 
9+5215730 
9-521995O 


9.977 167419 


9-9771253 
9-9770832 


" SINE 
Complement 


.5007206 
5010987 
5014764 


| 


9-9770410 
9. -9769988 


Sine. 


+5224166 


9.5228379 

5232589 
95236795 
9-5 240999 


9.97695669.5245199 


TANGENT) 


Complement. 


9.5 117760] 10.4882240 


9-5122057[10.45877943 
9.5126351110.4873649 


10.4869359, 5 


10.4865073]5 
551-508078 
-$0769 17 
+507 505 


10. 48607 JO 


10.48565 10])3 
10.4852234 


10.43847961 
10.4843691 


10.4849425159 


10.4835162 
10.48$30903 
19.43 26647 
10.4$22394 
10.4818145 


10.45 13899 


10.4309656 


10.48054 17 
10.4801131 


10.4796948 


10.47927 18 
10.4788492 


10.477 1621 
10.4767411 
10.4763205 
10.4759001 
10.4754801 


TANGENT 
| Complement. 


Com, Arith- 4Com 
metic. of Sine. 


Aritk 
of Sine Com: 


wt 


5096290 
+509 2405 
50385 2« 
508455 , 


.506919 
5065339 
.506148 


-5957639 


8].5953793 


+5 0499 54 
-J046117 


-5038455 
-5F034630 
.5030808 
. 5026990 


10.4784270 
10.4780050 
19.477593435 


5O23176 
-FOI9365 
.SOL55FFE 
SO11755 


. 5000367 
-5996579 
5992794 
5989013 


32 5985236]. 


Tang. | 


5042284 


0217937 
0218347 
0218759 
-021917C 
O219582 

-02199904 
-0220407 
0220320 
0221233 
-0221647 
+O222062 


— 
0222477 
.0222892 
022330 
-<O223723 
+022414 


022455 
-022497 

»O225391 
.022580g 
.2226228 


+FOO79FFþ 
5004 160]. 


.0226646 
+02 27066| 
0227485 
227905 
228326 
CODEN 
.0228747 
.0229168 
.0229590 
.0230012 


0230434 


vine. 


TTNE 
Conplemenr. 
| rm —  ——_— — — 
z = 


34 3-50298389- 3767872 

.5033597,9- 9767447 
3619-5937353 $3767022 
3719-5041 105 19.9766597 
309 5044353 9- 9766171 


9-9765315 


9.976439 1 
9.9764464 


Tang, 


TANGENT 
| Complement. 


Com.Arithme- 
tic. of Sine. | 


9. 1.5245 199(12. +4754801 


9-5249395|10.4750605 
95253559, 
J). 5257779 10.4742221 
9.5261966 10.4738034 


Rl 


10.4746411|28 


30\.4985236] 


"Li J 


Com. 
of ine Qua 


0230434 


-498146 
-4977692 
27H 
26|- 
2 5( 


9.5266150 10.4733850 
3.527933 1,10.472966 

+5274503 10.4725492 
9-5278682 10,4721318 
9.528285 3 10.4717 147 
0.528702110.47 12979 


241- 
2 3|- 
22 
21 
20 


495 1402 
494766 1 


9-5291 186 10,47088 14 
9.5295347,10.4704653 


9.9764036 
6919-976 3608 

+9763179 
9.9762750 
9.9762321 
9.976189 1 
9-9761461 
9.9761030 


roory 9760599 
- 50969 5619-9760167 
+4664 99759736 
«9759393 
9758370 


9-97 53437 
9.37 58004 
9-97 57570 
1949797135 
$3.97 56701 


Sine. 


9.53202 
9.53243 


9.5332659 
9.533678g 
9.5340916 


0.5349161 
9-5353279, 10,4646722 
9.535739 3j19.4642607 
9-5361505/10,4638495 
9.5365613 10,4634387 


ITANGEN | 


9-5299 505/10.4700495 
9.539366 1[10.4696339 
2.5307813[10.,4692187 


494 3923 
4940189 
-4936458 
+4932731 


ig 
18 


17 
16 


l'5 


3.53 119611[10.4688039 
9.5316107 
q10.4679750 
9{10,4675611 
10,467 1474 
10,4667 341 
10,4663211 
10,4659084 
10,4654960 
10.4650839 


9.5328526 


5.5 345040 


9. 5 3697 19910.463028 1 


Complement. Tang. | 


Qq z 


10,4683 8g 31 


— 


_} 


4925288 
4921572 
-49 17559 
4914150 
49 1044.4] 
4906742 
4903044 
4399349 
4395657 
-4891969 
2388284] 
4384603 
_ 
4877251 
48 4073591 1 


CC Mean aq QGo0O 


0239833 
0240264; 
-0240697 
0241130 


0242430 


——= 2 


.0230857 
.023 1280 
.0231704 
.0232128 
0232553 
.0232978 
0233403 
.0233829 
-02342F5 


0234652 


.0235109| 
0235536 


02359 


.023639 
.4929008[.023682 1 
1923725 
-0237679 

O23 


.02 x 


0238970 


.0239401 


0241563 
-.0241996 


pompgy' Xe 


5}9- 


$i 
[C 
[ 


9.521348 


23k 


ok 


19 Sine. | ; 


dig. 5 126419 
119.5 130086 
219.5133750 
319+J137410 
41345 141067 

$144721 


619-5148371 
71-51 52017 
813-5 155660 
91-5159300 
1o.5162936 
l 119.5 166569 
12[9.5170198 
13]9-51738324 
1419-5 177447 

9-5 181066 

9.5 1384682 
9.5183295 
1919.5 191904 
19D-51955106 
2019-5 199112 
9.52027 11 
ah $206307 


9-975670 1 
9-97 56265 
9:9755830 
9-97 55 394 
9-9754957 
9-9754521 
949754983 
9-97 53646 
9.9753208 
9-9752769 
9.9752330 
99751891 
9.9751451 
-Q7FIOH 


2.5 369719 


[10.4630281 


TANGENT 
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«329755 119-7909987 10.2090013 
44[9.720958 119.92967709.79 1281 110.2089 189 
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.2802700|.0698552 
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-2784296þ.0705 576 
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.277$186 -0707927 
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9-7 242097 
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9.7246138 
9.7248 156 
9-7 250174 
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9.7256217 
9.72538229 
9.726024C 
9.7262249 
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9-9279459 


9.9284205 
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"Com 
| mer. of Sine, [ors Sine Com 
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9281834 
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9.7900703 
9-7963513 
9.7966322 
9.7969 13Cc 
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9.7 266 264; 
9.7268 269) 
9.727027 


9-927 5490 
9-9274695 


97983767 
9.799 156g 


9.9273 599! 


9-9273103/9.7997170 
9-799997011 =» 


9.9272306 


9-7274278 
9.7276278 
97278277 
9-7280275 

9.728227119 
« 7284267 

728626C 
9.7288253 
9-729024.4 


9-9271509 
9-9270711 
9-9269913 
9-9269 1 14 

9268314 


9.8002769 


9+7994379 


10. 2039297 


10.2036487 


10 2033678, 


10:2030870 


lO. 10.2028062 


10.2025255 
10.202 2.449 


10, 201964452" 274177 1þ 


10.201684 
10-2014036 
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10.200843 1]48|- 


9.8005567 
9-8008365 
9-8011161 
419-38013957 


9-92675 14 
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9-9265913 
9.9265112 
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b 


9.8016752 
8019546 
9.8022340 
9.8025133 
9.8027925 


LO, 1977660 


10. 1974867 
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9.7294223 
9.7296211 
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9.8930716 
9.803 3 50c 
9. 8036296 
9.303 go8x 
9.804 1873 
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10,1963704 
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+27 19725 . 
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0738099 
3t26gg81 .0738904 
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3019-73 1494019.9255454[2-5055587]10-19414 13] +2685960 0744546 
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$719-735524619-9238373[9.8116873{10.188g 127| 31-26447 54/- 
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4219-74417 12) 
4319-744 3606 


— — > — 


49 


97445498 


4519744739 
{ O 
47-7451 169, 


9.7449280 


$19-7453056 
97454943 
01974568328 
5119-74587 12 
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«256587 
.2563976 
201.256 207 


-0794800] 
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9.7496 14819-91763 36[9.83 19811 


9.749 8007 
113}9-7499866 


9:9 169455! 


9-9 175478\9.33 22529, 
9.9 174619 9.8325246! 
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:2490860|.032968z 
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$3[9-753679019-7 157330 9-937946C 
z 7538624Þ-31 56460 9.8382 164 
3519-75404 5719-9155589 9-8384867 
$69-75422889-3 1547 189.333759 1 
4719-75441 19]9-3 153846 9.839027 3 
p89-7 5459499 152974 9-3392975 
919-754777799 152101/9-3395676 
j019-7549604/9-915 122389.8398377 
2-755 143119-9 1503 549-8401077 


10.162595 1 
1041623245 
[0.19205 40C 
10.1617836 
lO.I61Fl33 
10.1612425 
10 1609727 
10.1607025 
lOs 4604 324 
10. 1601623 


10.1598923 


' 
19-7553256/9-9149479 9:840377 
9.9 148604 9.840647 5 


-91450999-8417265 
-91442219.8419961 


$9 142464 0.3425351 
91415849.3428046 


9-757 1 

$3Þ-7573256 
97575068 
5519757687 


$99-757368 70: 


«9147729 9.8409 174[10.1590826 
«91468529.341 187 1510.1588129 
«9 1459769-84 1456g}10-158543 1 * 
I2 


9143 342.9.3422657110.1577 343 
| 10. 1574649 


þ 
] 


84-41 5o8ſ10.1558492 


5$719-758049 519: 
$59.7582302 
MW 7584108 


A NGEN 
"Contlement. | 


SINE 
C nt. 


SINE, 


.91345309-3449579þ10-15 50421 
29p-758 59 1319.9 133645]9-345226310-1 54773 2þ © 


10. 1596224, 


101582735 
10. 1580039 


10. 1571954 
10.1569261 


10. 1566568 


10.1563575 
10.1561183 


9.38444 199þ10.1555891| : 


101553113 


Tang, 


uy 2 


a; 


22 
21 
2O 


10.1593525}17 

16 
15 
_ 


I 1 
Io 


Can AT. 


AVLN 


30 


29 
28 
27 
26 
ka 


«24657 20 
2466382] 034093 
-24050.46 
-2463210 
2461376 
+2459 543 


Ati ks 
Sine Co. 


(9340063 


44 


.0341800 
-0342670 
0343 540 
0344412 


2.4 
23 


24577 12]. 
245588 1. 
+245405 1 
22452223]. 
-2450396 


9 
18 


2448569] 
2446744] 
-2444920 
-244 3098]. 
2441276 


— 


243945 3 
2437636 
+2435818|. 
-24 3400 1]. 
2432185]. 


242131 6s 
-2419503 


365471 
0866 5955 


p | 


036292 1 
p9363 704 
1Lo364.587! 


| 


[oO © SSI beans) 


15]9.7612851[9.9120315 


2019.762177519-91 15844 


| SINE 
Complement. 


vine. 


Tang. 


9.75359 13 9-9133645 


9.3452 268 


TANGENT 
Complement. | 
10.1547732 


3-7587717 9-9 132760 
3.75395199-9131875 
9.7591321/9-9132909 
9-759312119-9 130102 
9.7594920,9-9129215 


9-9454+956 
9-3457644 
0.346033 - 
3.8463015 
9.8465705 


10. 1545944 
[0,1 542356 
10. 1539668 
10:1536982 
10.1534295 


9-75967 1819.9125328 
9.759851519-9127440 
3-76003 1119-9 126551 
9.76021061[3-9125662 
9.760389919-9 124772 


9.8463390 
0.38471075 
9.8473760 
0-38476444 
9.8479 127 


10.153 1610 
10.1528925]|5 
10.1526240 
l0.1923556 
10.1 52087 4 


9.760569 2(9-9 123882 
3.-760748319-9122991 
9.7609274[9.9122099 
9.7611063[9-9121207 


9.848181c 
9.8434492 
1-8487 174 
y.8489855 
9-8492536 


11518190 
ro.1515508 
10.1512826 
[O.IFIOI4S 
10, 1507464]+5 


9.7614638[9-9119422 
9.7616424(9-9 118528 
9.761820819.9117634 
9-761999219-9116739 


9.38495216 
9.8497396 
9.3500575 
9.8503253 
9.850593t 


9:762355619-91 14948 
9.76253 3719-9114051 
9:762711619-9113155 
9.7628894([9.9112257 
9.7630671]9-9111359 
9.7632447[9-9 110460; 
9-7634222[9-9 109561 
9.763599619-910866 1 


3.8508608 
9.8511285 
9-85 13961 
9.85 16637 
9.8519312 


9352466 J 
0:3527335 


9.7637769 pom I oh 


9.8521987| 


9.35 30008 
.8532680 
PANSEN —< 


r0.1504784 
10.1502104 


10, 1499425 
10.1496747 


19. 1494069]+©! 


10.1491392 
[O, 14887 15 
19.1486039 
10.1483363 


10, 1480688 


10.1478013 
IO1475 339 


[10.1472665 


IO. 1469992 


10.14673 201 


Com, Arirth- 


metic. of Sine. of Sine Com. | 
2414087 .0866355 
$241228; 0867240 
241048 1].0868125 


60 


J9 
5s 
JT » 2408679 
56. 2406879 


55 -2405089 


Com. Arith, ; 


—— 


086901 1 


.o8698g8 
.087 79785 


54.2403282 
53. -2401455 
52). 239968g 
5142397594 
50. 2396 101 
49! .2394308 
45"; 2392517 
4+7[.23 90726 
461.23889 37 
+5 2387149 
44.2385 362 
4+31.2383576 
421.2381792 
.2380008 
2378225 


2 376444 
2374663 
.2372884 
«2371106 
35]þ-2369329 
42467553 
-2365779 
pet ww. 
2362231 
+2 3604.60 


Tang. | 


.087 1672 
.087256C 
.0873449 
-0374338 


0875228] 
087614! 
.0877009 


0377901 
.0878793 
0879685 


.o880579] 
088 1472 
0882366 
0383261 
.5884156 


.0885052 
.0885949 
0886845 
0887743 
.0883641 
0889540 
.0890439 
.089 1339 
.0892239 
.o893 140 


| 


& 


= 


3-76+1 311 
:13-764305C 
1-764 48.45 
19.76466 16 
37648382 


9-7650147 
3-765 1911 


«7685223 
5719-76865966 
58 7688705 
9.76904 48 
60 .7692187 


J 


TY 


FEET 


19-909 7092 1 
719-9996915 


7319-90950g9 


$519-909328 1 
919-9092 371 


119.90878 14 


9.9084 1 59 


TTNE” 
Cd; 


TANGENT 
Complement. 


lang. 


9.9 106860 
9-9105959 
2-9 105957 
9.91C4IF5 
3-9 1032J1 


9.3549694 


9.3546034/10. 1453966 


9.3 532650 


$-35 85352 
0.553802 3 


12, 14673 2C 
l©, 1464645 
10, 1461977 
IC, 1459306 
533543 365310.1456635 


3c 
£9 
25 
27 
26 


ric. of Sine. 


Com.Aritame-, Com. Aruht 


| 


of Sine Com. 


.2360460 


.0893 140 


2358689 


»23FFIFI 


-2353383\0896749 


-2351615 


2.9102 345 
2-9 101444 
9-9100535 
9-9099533 
3-909Þ728 


g9.355137210.1448628 


9.3556708 10, 1443292 
g.3559476 1 ©. 1440624] 


= 
24 
23 
22 
21 
20 


&$548704/ 10.145 1296 


355494 1/10. 1445959 


-2349953 


.2346326 
-2344564 


-2356920 


05985 56 
.2343039|.089946 1 


2991272 
+-2342003»0992179 


0394041 


-0394943 
-039 58346 


| 
| 
«©897652 


.0902366 


9.9096007 


2:9094 190 


9.556204 
9.356470 
9.556737 
9.8570939/10.1429961 


ly 
18 
17 
16 


21 0:1437950 
110, 1435292 
4/10.143 2626 


"————— teens 


9-9091(1461 
9-90g905 FC 
9.9089635 
9.90837 257 


9.8572704/10,1427296|1'5 

| a—_ 
9.8575 368|10.1424632 
9.8578030) 
9.358069 
9.858335 
9.858601 


14 
L3 
12 
11 


10,1421969 
410.1419306 


-2337527 


+233577) 
2334015, 


2341043 
2339235 


-2332261]. 
.2330508 
-2328756þ 
+23 27004 


«232525 


£©903085 


| 
. 


, 


+0903993 
0904901 
0905810 
-09067 19 


10,1413981]10 


9.90386901 
9.9035988 
9-9085073 


g9eg9083 243 
p:9082327 
9.908 14/11 
9.9080494 
9-9079 576 


SIN.E, 
Complement. 


Sine. 


9.358868 
9.359 1341} 
9.8594002 
5.8596661 
0.8599 321 
9.8601980[10,1398020] 4 
9:3604638|10,1395362}; 3 
9:3607 296 10.1 3927042 
9.860995 4/10, 1390046| 1 
g9.8612610j10.1387 390]. © 


| Tang. | 5 


| ——— 


EO: 


IC0,1411320 
10,1408659] 


Que 


+23 23506. 
42321458] 
+23 2001 1þ- 


10,1405998 
10,14033 39 
10, 1400679 


- 
6 


CANGEN 
Complement 


— 


{2318265} 
| 5112316520] 


2314777 b 
-23.13034|. 


231292 


2309553[ 


2307813 


Sine. + Tang. | "compenzne |_| ct of Sno [ori Aria 
O .7692 187 9.56126109 10.13873906þ23079 t 309 Os 14 | 
[9.76939 25 9.8615 26710-13847 33]59þ4 306975f-092t349] 
219.7695662 9.8617923|19-1382077]55|-23043 35Þ-0922260 
3 9-7697 398 J} 8620578 10.1379422157þ2 392602] 0923 1$c 
41>-7699134 9.862323 3þ10-1376767 , 2300866 '©9 240gg 
519-7700868 9.3625387119-1374113]5 5| 22991 32]-0925020 
619-7702601 9.362854 110.137 1459}54| 2297 399992594 y 
719-7704332 9-863 119510. 1363805153 229 5665-09 2686 2 
8[3.7706063 9.8633848110.13661 52152122939 37]-09 27784 
9Þ+7727793 peI6aGyon 10.1363 500[51þ2292207|.092850 
toÞÞ-7799522 9.86391 52þ10-1360848]50 —_—Y .092963c 
t 119-771 124096 9.8641303[10-1358 197{49] 228875 1[-0930554 
[2 TrragT 9:3644454[10-1355546}45 22570241.09 31478 
I 3Þ-77 14702 9.8647 105[10-13 52895[47|-2285298].0932403 
1419477 16426 9-3649755 10. 1350245 2283574 -093 3325 
7718 x50 9. $652404|10-1347596þ 4223 18500934255 
.77 19872 g 8655053110-13449 814 .2280\x 5181 
179-7721593 9.8657702[10.1342298 +227 8407]-09 36108 
1819.772331 g-8660350[10.1349650 +2276686]-09 37036 
19]9-7725033 9.8662997}40. 13 37003[4 1þ2274967[-09 3796, 
7726751 9.8665644 10.1334356 4 2273249]-0938 3 
119.77 2846 9-866829 1110-133 1709[39þ227 1 32þ0g 39823 
9 7730185 8670937/19.1329063[33þ2269 1 5þ 2940763 
9-773190 8673.583]10+13264 17 WPISI Fer 
419-773361 -8676228110. 132377236þ-2266386] 094261, 
2519-77353 8678873110.1321 127[3 5|-226467 3| 0943546 
26]9:7737039Þ9-90555 9-868:1517110.13 18483]; -226 296 1], 0944470 
27Þ-7733749þ:9954589þ. 8684 160[10.13 15844 o[3 3þ226125 10945411 
2019-77404 Jo 8686804101313 196|32þ2259541þ99463 
2910-77421 868944630. 13 195/5,4/3 122578 3 2],0947270 
308-77438768.905 1787þ.869208g/10.13079/143%þ2256124þ0948213 
SINE ANGENT|. op». | | 
«Complement, nn}; Complements, | Tang. þ | ; 


. e.. 


Compleme 


SINE T TANGENT Com.Arithme» 
| ang. | Complement. tic. of Sine. 


774899 3]9-994598 


3 , .* 

305 7743876 9-905 1787 9,369 208g 
0.774553 9.905085 219:3894 731 
97747288 3-904991 9.3697372 


119.77 50697 3.904804 3 9.8702653 
2-7752399]9:9047 196]9.3705293 


3700013 


9.775 $80 119-9045 23 


[2.19-779127 9.902538 

22719295 319992443 

£2.77946309-9023486 
SINE. 


———— 


46 97754101 9.9046168[9.37079 33 


- 


19, 130791 1Jz0|-2256124þ 
1C, 130526929] 2254417] 
10, 13026 20]25þ2252712þ 
10, 129998 7| 27|-225 1007þ 
10, 1297347|26| 2249 303þ 
10. 129470725] 224760 1þ 


871057 


97757501 9.904429 1 9.37 I321 10,1286790 


10.129 2067|24|-224589c 
10,1289428]2 3þ224419 
22] 2242499 


019-77 59 19919+904335 1 7 bg 10,128415 24þ-2240801 
4 ,776089719-9042411 87 18 56 10.1281514 202239 103 
$19-7762593 9.904 147 3721123 10,127887 19] 2237407 
9.776428919.904052919.372376010, 1276 24c18]-2235711 
$p-7165983Þ 903958719-8726390110. 1273609171 2234017 
9.776767619-903 864419.$72903 2/10. 1270968 1622323245. 
19.7969 36919903770 119.873 166810. 1268332 15]:223963 1] 
k#\9.777 1060[9-9036758[9.37 34302110. 1265698[14|2225940 
| 9-9035813(9-8736937]19,1263063[13Þ222 250þ 
9.777443 99-9034363[9.8 10, 1260429|14-222556" 
39-903 392 8 112223872]. 
9-903 2977|9-37 .222218 
$119.77 050 119-903 203 119. oj. 22 20400 
P3977 1186]9.9093 108 3750102110, 1249898 8.22183 14] 
P9p-7782870 903013 | .221713©C 
PRÞP-77%45 5319-90291 $22 1 544 
|196.778623 $19. 9028239|9.8757 $[-221376 . 
| | $9.77879 16[9-9027289 .22 12084]. 
176-7789 59619-90263 39|9.37632 12210404]. 
| 9.87658 22087 25|- 
j 


Complement. | SINE. 


10,123 1485] 142207047 
10.1228856] 0þ2295 376 


compenen, | Tang: 133 


os 


Line. 


—_ 
= 


Sling 
Complement. 


Tang. 


9:77946309-9023480 


lol 


— 


9-7 796306 9-9C 992253419 
3-7 797981 9:90215B) 
3-7799655 
9-7801328 
9.7803000 


9-9020628 
9:99 19674 
9:9015719 


9-377 1144] 
[10.122622% 


93779027 
9-873 1654 
9. 8734281 


I ANGENT 


Complement. 


8773773 
eds 


59]. 
19, 1223600 58;, 
10,122097 3Þ57| 
19.1218345[56]- 


10.121571g]55 


O QO<3 2; 


19 
I1 
|" 
I 319+ 
14 
I 549- 
1619+ 
1719+ 
18 


9-7804671 
9.706341 
9-780801c 
9-7809677 
9:7811344]2-96 
9. 781301019.9012g8c 
512-99.1202 113 


212-90 1010: 


+99 17764 
949916368 
»go1535 2 
2.901489 ; 


2-901393 


9-3786907] 
987595 33 


3-38792158 
2-3794782 
13797407 


29011662}: 


9. 900g.L42 


2519: $9 foe 


9.909047 219 
9.89: 9J06[9 


| 


zh 


2919-75428 


2619.7837878 
5289 


I'37 


9.39g98539 
899757 219+ 
8 996604 


9. 599565 


9.784447 1 


9:38994667 


"* SINE 
| Complement. 


Sine. 


1-8807900 


: $1; L007 
9-582362- 8823627 


5.8826 246 
7 328846 


9.05936721 
p-093933 


|" op ANGEN T 
Tement: 


2.880 2654] 
7: 8805277) 


3.38105 22 


gh 
513765) 
18386, 
wp 


j 1434) 
9.83341037 


8841956 
p 084452211 
847139 
8840) o5 


to, 120784.5 52. 


10.12902592]50. 
3-830003)|. 


10.1189479]45 


10.117639414 
6110.1173754 39] 


10.1163279 
IO. 1160662134). 


CO, 
—— metric. 


10.1228856 50 .2205370þ 


rim 
ind) 


Com, | 
of Sine cont 


2203694 
+2202019 
2200346 
2198672 
2197000 


10.1213093 54. 


10.1210,467 53) 


10, 1205218]51). 


10, L19996gf+9 
10.1197 34 48]. 
10.11947231+7]- 
10.119210cþ46 


2195 329þ 
2193659] 
-2191996c|. 
2190323] 
-21988 56]. 
.21369go0o|. 
2185325]. 
2183661]. 
2181998]. 
.21803 36]. 


0979 372 


2976514 
12977466 
-09978319 


0980326 
.098128; 


10.1186856[44]. 
lo.1184235143 
10,1181614 2 
19.117899 3[4! 


10.1171134 z38 
19.1163516 7 
1s. 116536-13 36 
35]- 


10.1158044[33 
10.115 5428] 2 
0.115291] 


7 1152195 JO 


ww 


2172042 
.21703836|: 
.216873 2]. 
2167078 
2165425] 
-2163773|- 
2162122]. 
+2 160472] 
2158823]. 
1.2159176| 


2178676þ 
-2177016| 
2175358]. 
«2173659 


_Tavg. | 


- <a, 


rt ec uote -o a 


215552gh 1093433 
[92 


TANGEN Compienem. |_| 


of Sine Com.4 


[9.3 549505 


-|2-3852420 
3-3355035 
2.53357650 
2.3 860264 
2.3862878 


3.8865492 
713-3868105 
3.38707 18 
9.38733 30 


9.3875942[10.1 12405 


2.3886386 
o.33888996 


9.389682 3 


9.35755 54110-1 121446/19 
9.3881165|10.1118835 
3-8383775110.1116225 
10,1113614 
16,1111504 


3.3891605|10.1108395 
3.3894214110.1105786 
10,110319712Þ 
2.8899432[10, 1100568 
3-5902040 10, 10979609 10 


9.389 22890 
9.892 5494 
o.8928098 
TANGENT 


5 9.78901834 ' 


DC rn er er ennernn—_ 


1 — {OS CC er er rr en een 


6019.789342C|3- 


33904647110, 1995353 
9.3907254 — 
9.390986 1 
5.39 12468 
0.38915074 
9.89 17679|10,1052321 
9.8920285110,4079715 
10,1077 110 
10, 1074506! 1 
{©, 1971902] 0:2106 


10, 1090139 


Com. = 


1005333 


19, 1150195 3C| 


. 100630 

.1007273 
.looB244 
. 1009216 
. 1010188 


10,1 147530 29 
10,1144965-28] 
10,1142350 27| 
10,113973626| 
10.1137 122/25]: 


1011160 
 IOIZT33 
.1013107 
.1014081 
.l015056 


10. 1134508}24 

10.1131895/23| 
10,1 129282]22| 
10,1 12667021] 


1016032 
.1017008 


1017985 
.1018962 
.1019940 


1021897 


1020918] 


1022897 
.1023857 
10248338 


-1025819 
1026301 
1027784 
1028767 
77-102975 1 


Ca 


10,1087532 
10.10349 26 


56(-1030735{ 
103 172C} 
1032706 
.103 3692 
Oþ 1034679 


_ Tang. [52] 


X x 


ey, ry 


lo I'S | 


QO 


1019-7909 541 


1519-79 17566 


Line, 


SI NE 
Comolement. 


Tang 


9.789 342C 


9-8965321 


9.392809 


yy 
9.7596652 
9:7898266 
2.789988c 
3-790 1493 


—— 


9.5964334 
9.8963 346 
g9-8962358 
9.8961 369 
g9.38960379 


9.8930702 
9.893 3306 
9. 59 35909 
9.8638511 
9.8941114 


29-7903 104 
97994715 
3-7906325 
37907933! 


9.895939 
9.8958398 
9.5957406 
9.89 564 14 
9.895 5422 


9.8943715 
9-89463 17 
9.89489 18 
9.89515 15 
9.89541 1g 


TANGENT 
Complement. 
10.107 1902 
10. 1069298 
10.1066694 
10.106409 1 
10.1061489 
10. 1058886 


10, 1056285 
10.1053683 
10.105 1082 
10.1048481 
10.104588 1 


9-79111.48 
9.7912754 
3-79 14559 
9-7915963 


3:89 54429 
93953435 
3-895244C 
9-39 51445 
3.89 50450 


9.59567 19 
3-8959319 
3-8961918, 
9.89645 17 
3- 89671 16 


9-7919168 
9-7920769 
97922369 
9.7923968 


2519-7933 543 


9-7925566 


98949453 
2.89484 57 
9.394745c 
9.894646 1 
9.394 5463 


9-7927163 
9 792876c 
9-79 3035F 
97931949 


97935135 
7936727 
7939907 
+7941496 
SINE 


p-3944463 
3-38943464 
9. 8942463 
9.894 14.62 
9.8940461 


9 39697 14 
9.8972312 
9.89749 10 
9.8977507 
9.8980 104 
9-898270c 
9.8985296 
9.898789 2 
9.8990487 
9.8993082 


9.8939458 
9.8938456 
9.8037452 
9-89 36448 
9.89 35444 


9-899 5677 
9.8998271 
9.9000865 
9-9003459 
9.900605 2 


Complement. 


Sine. 


10.1043281 
10. 1040681 
10.103 8083 
10.1035483 
10. 1032884 


10.1030286 
10. 1027688 
IO, 1025Ogo 
10.1022493 


10.1019896 


10.1006918 


10.0993948 


TANGENT 
Complement. 


10.101730C 
[0. 1014704 
101012108 


1O.10095 13 


10. 1004323 
l0.1CO1729 
ro.Cc999 13 F 
10.099654 1 


60 


48 


Com. Arith 


.210658c 


met. of Sing. 


com. Arith. 
of Sine Com. 


59 
Fd 
57 
56 
J5 


«2101734 
-2IOO1I2C 


-2104964]- 


2103345 


.2098508 


JI 
53 
J2 
5! 
Jc 


2096596 
2095285 
:2093675 
.209 2067 
2090459 


1934679 


103 5666 
1036654 
1037642 
103863 1 
-1039621 
+-194C611 
«1041602 
- 1042594 
104358 
1044578 


+$ 


+7 
46 
uS., 


2088852 
.2087 246 
.208564 1 
.2084037 
2082434 


+4 
43 
42 
41 
40 


.20808 3 2 
+207923 ] 


«2077631 
, 207603 2 
20744 34 


39 
38 


37 
36 
35 


2072837 


.2071240l. 


:206964 5 
.206805 1 
.20664.57 


34 
33 
32 
31 
30 


2061683 


.2064865 
+2003273 


-2060093 
.2058504 


"1045572 
-lo46565 
-1047560 
.log8555 
1049550 


1059539 


1050547 
lO51543 
.tO52541 
105353 
105453 
lO55F3 
105653 
105753 
.lo5853 


. 1060542 
.1061 544 
106254 
1063552 
. 1064556 


Ta ng, 


þ 


ur CCC ER 


STxNE 
C mole ne 1t, Tang. 


; TL ANGEN 
Comnplemen” 


9.593 5444/9-9906052 


9-59 34439 9:9993645 
9-99 334339-9911237 
9.89324269.901333c 
9.393 1419 9.90 16422 
9.39304129.9019014 


9.39 29404 9-902 160.4 
9.389233959-9024 lg5 
9.89273359.9026786| 
9.5926375: -9029376 

3.3925365'9 903 1966 


41 ero5ipog 
4219-7960486 
4 9+ 7962062 
4 7963638 


9. 8924354 9- -9934555 
9.5923542/9-9037 144 
9- 89223299. 9039733 
9.89213169.9042321 
9.89293039.9044910 


«1971501 
97973071 
9-7974640 


9:39 192899.9047497 
bh. 8918274/9.9050085 
9 89172589 .9052672 
2-389 162429.9055259 


9.39 152269.90578345 


9.39 142089.906043 1 
9. 89131919. g063017 
Js 89121729, 9065603 
9.3911 153, '9.9068 188 


[9.3910133/9.9070773 


93-5909 113/9.9073357 
3-3g90809 219.907 5942 
+-890707 1[9.9078525 
3-3890604 919.908 1 10y 
0-89950269.908 369 2 


10.0988763 


10.0983578 


10.0978 396 
10 0975805 
10,.0973214 
10,09706 24 
19.09968034 
10.096 5445 
10.0962856 
10.0960267 
10.0957679 


m—— 
10,.0952503 
10.09499 15 
10.0947 328 


10.0944741 


10.09421 55> 


10.0939.5369 
40,0936983 
10.0934397 
10-0931812 
10.0929227|_5 


10.092664 3 
10.09 24059 
10.0921475 
10.0918891 
10.0916308 


. TANGENT 
Sine. Complement. 


Tang. 


1 0,09 36 I70 - 


10.09550g0 


10.0993943|3© 
10.0991355|2 


10.0980987]25; 


Com. "IN 
netic. of Sin- 


1064556 
1065561 
1066567 
1067574 
.lo685$1 
.1069588 
.l107059g6 
.I1071605 
1072615 
1073625 


+203321 
«2031641 


.2028499|- 


.2030070]. 


+2026929}. 


+202 5360] 
:2023792]-1 
+2022225|. 
29206 59]- 
201909 4|. 


2017530 


-£©EF 


Fl, 


1 
6|. 
3 
4 
3 
2 
I 
O 


.201440 
.2012942 
.201128?2 


-2015966|. 
1092929 
,109395 1 
1094974 


1090887 
1091909 


| 


: SINE TANGENT on, Arith- ,Com, Fra 
SINE, Complement. Tang. Complement. | netic. of Sine-| of Sine Com, | 


9-79887 18]3.8995026[3.9083692| 10.09 16398 6C{.201 1282]. 109497, 


3-7990278[9.8904003[3-90562751 10.09 1372532120097 22þ 1095997 
3-799 1836 9.8902975 3.9083358 I0,.0911141 FS .20083 164 . 109702 1 
2:7993394 g9-8901954 9.909 1449 10.0908560 57 .2006606þ 1098046 
9-799-495 119.89009 29|3.909402:[1059905975 56 .2005045|-109g071 
9.799650719-38399903194.9096604|t0.0993 39755 -2003493|-11000g7 
9-799806219.889387713.9c93 185] :0.0900515 54-2001938|-1101123 
9.7999616 9.889785c 9.9101766 10.08982 34 $3 -2000354þ1 lIO215C 
39-8001 16c}9.889682 219.9 104347|10.039 $653 52199883 1 1103175 
9.800272 113-8895794 [9.9 106g 27|10.03g 307315 1.1997279| 1104206 
1oſ9. 8004 272[9.3894765][3.9 109507|10.035049 «]50 -199 5728þ 1 105235 
11]9.800582319.88937 3619.9 11 2087]10.0887913 49] 1094177]. 1106264 
1 2[9.8007372[9.8892706[9.9 114666|10.0385 3 34[+% -099 2628]. 1107294 
1 3]9. 80089 2119.889 1675]13-9 1 17245|10-0382755Þ+7 -1991079|-1108325 
14]9.8010468[9.$8890644þ9.9 119824] 10.0880176|46!. 19895 32|.110g35 

1569.8012015]9.88896 1 219.912 2403|10.0377597|F5 1987985111238 
16]9.8013561]9.8888580ſ9.9 12498 1[10.0587501g 44/, 1986439]-1111420 
17Þþ.8015106[9.8887547[3.91 275554 10.087244 1 +3).1984894|-1112453 
18]9.8016649{9.88865 1319.9 130137|10,0869863[+2[.1983 3511113487 
i 99.801819019:888547919.91327 14110.0867286[4!|. 1981808]. 1114521 
2019.801973 5/9.3884444[9.91 3529 1110.0864729[4©|. 1980265]. 1115556 
2119.8021276 9-8883403þ.94 3786$[10.086213 2139}. 1978724]. 1116592 
2219.802281619.883237 2[9.9 140.444|10.0856556 35].1977 184|-1117627 
:3]9.802435519-8881335þ-9143020|19.9856980[37].1975645]-1118665 
24þ.8025894(9.8880298[9.9 145596[10.0854404(3|. 1974106]. 1119702 
2519.802743 119.8879 260þ9.9148 17 1[10.085 1829135]. 1972569]. 1120740 
2619. 8028968[9.887822 119.9 150747 10.0849253 341.1971032[.1121979 
2719.8030504[9.8877 182]9.9 1533 22|10.0846678[3 3]. 1969496,-1122818 
281.8032038[9.8876142[9.9155896[10.0844404[32]. 1967962]. 1123858 
29 g9-803357219.8875 102[9.9158471|10.084 15 29|3 | 19664 28|. 1124898 
30h.803510519.887406109.9161045/10.08389 5 5/30]. 1964895|-1125939 


| compne SINE. ES Tang. 


— 


\O CO 44 54 


PII 


S TL i4E 


Complement. 


Tang. 


2.8874061 


2-9 161045 


TAWwuEtNSL 


Co.nplemen-. 
10.0338g55 


-1-3887390199.9163615 
2-387 1977 9.9 166192 
0070934 9.916376, 
9.83698909.917 133% 
9.83683469. 29173911 


: 


886701949 176483 
9.83667569.9179055 
.$8657199.9 181627 
$864663{9- 9184 19% 
0.88636 169 918676: 


4119-805 190 
42/9-305 3430 
93054951 
1419: 8056472 
45125957991 
46]9-80595 10 
47-306 1027]9- 
4819+ $062544þ 
5oſ9-5065 595 8065595 

9.8067085 
5219.806860 1]9. 
5319-8070114 
5419-807 1626 
5519-8073 136 
9.807464 
F .8076 I 54 
5019- 8077662 


£ 


5919-3079 169 
9.808067 5[0 


SINE 
_ Complement. 


.88625639.918)34c 
9. 83615 191g. 9191911 
9. 88624709. 9194481 
9.88 594209.9 197051 
9.88583709. 9199621 
9. Sell, 199- 9202191 

88962679. 9204760 
9 88552159. 9207329 
9.3854 1629.9209898 
9. 38531099.9212466| 


3.338520559-9215034 
$5 100099217602 
28849945 9-9220170 
8848889'9.9222737 
90.8847$329.9225304 
28846775 9.922787 1 
88457179 9230437 
9.384465919.923 3004 
3-884. 3599]9.923557C 
o.38842540/9.9238135 


Line. 


10.08 36382 
10.053 3808 
10.0331235 
10 0328662 
10 0326089 
10.0523517 
10 0320945 
100818373 
10.08 15802 
19.08 13231 


10.08 10660 
10.080go8g 
10.0305519 
10.0802949 
10.0800379 


10.07875 34 


| A-NGENT 
Complement. 


10.0797809 
10.0795240 
10.0792671 
10.0790102 


= 


36 


ati. of inc {of fine Cone 
-1964895|-1125939 
+1963363| 112698 1 
25]. 196183 2|1 128023 
27]-1960301]|.1 129066 
26] 195877: l13011C 
25 «19057243; I131 IJ4 
24þ- 19557 16 1152199, 
23]-19541535|.1133244 
22]. 195266.| 1134290 
21.1951139|-1135337 
20], 1949615]-1136384 
9] 1948092[.1137432 
18]. 194657c|-11384$1 
17] 1945049þ 1139530 


29 


|S 


wp 


(6|-1943528|-1 140580 
1942003|.1141630 
14\. 194049C|. 1142681 
13| 193597 3þ1 143733 
121937456]. 114478 

11].1935940[ 1145838 
10.1934425|.11468g1 


10:0784966 
10.0732398 
10.0779830 
10.0777263 


10.0774696 


10.C772129 
10.0769563 
10.0766996 
10.076.44.30 
10.0761865| © 


Tang. | 


9+1932911|.1147945 
8.1931398|.1149000 
7.1929886|.11 50055 
fee ho bay 1 


5-1 926864 |.1152168 
-1925354|.1153225 
3.19233846\.1154283 
2], 1922338}.1155341 
1], 192083 1|,1156401 
.1919325|.115746 


7o 


| 


Y 
Oo 


Sine. Xx 


SINE 7 
Complement. 


To] 


}- 808067 519.334.2540 


9.8082180/9.8841479 
9.808368419.38.404 18 
9.8085 18819.8839 357 
9.803669 9.8838294 
9.8088 19219-8337232 


Tang, / 
939238135 
9.9240701 
9-924 3 266 
0.9245931 
9-92.45 396 
9-9 250g 6C 


—y x = «| 


9 
10 


9.808969 2| 
9.3091192 
9.809269 1 
9.8094 189 


J 


.$09 56836 


9.58836168 


9,8835104 
9.3834039 


9.8332974: 
9.383 1908 


99253524 
9-9 256988 
9.9258652 
9.9261 wy 
9.926377 


L1 
I2 
l3 
14: 


9.8097 182 
9.8098678 
3.3100172 
9:8101666 


1519-8 103159 


9.883084 1 
g9-38829774 
9.88 28706 
9.8827638 
9.8826568 


9.9266 341 
9.9263904 
9.9271466 
9.9274028 
9-9276590 


TANGENT. 


Carplement, 


Com. "Ari 


mer. of ine. 


19.0761565 


10.0759299 
10.0750734 
10 0754169 
10:075 1604 
10.07 4$904C 
10.0746476 
10.07439 12 
10.0741 345 
10.0733785 
10.0736222 
10.0733059 
10.07310g 

10.07285 34 
10.0725972 


17 
18 
19 
2 


1619.3 104650 
9.310614 1 
9.810763 1 
9-3109121 
9.81 10609 


9-8825499 
9.8324428 


93823357 
98822285 


9:38821213 


9-9279152 
9.9281713 
99284274 
g<9286835 
9.9289 396 


109072 341 
10.0720848 


591g 1782C 
53/.19163 16 
$7]-1914812 
561913310 
55]-19 11808 
54-19 10308 
53]- 1908808 
5241907309 
511905811 
50. 


"I919325 


. Arub 
of - S$me Com 


- 1160643] 


1904314 


+12.57460 
-L158521 
lisg 582] 


— 


116170 
. 1162768} 
1163832] 
1164896 
«1165961 
.1167026| 
1 168092 


.1902818 
-Ig901322 
.1899$28 
1898334 
1389684 1 


1172362 


1169 i5g 
«1170226 


317 1294 


1173432 


*1895350 


10.07 18287 
10.0715726 
I0.0713165 
10.07 10604 


— — 
21 
22 


25 


9.8112096 


.$113583}9' 
ub 15069 


2419.8 11635419: 
-8118g3 89. 


9.8820140 


9.9291956 


9:9299636 
9.9 302195 


26 
27 


g.8119521 


8121003 


SINE 


9.88 14766 
9.88 13689 
9.8812612 
9.8811534 


9.388 10455 


9.9304755 


9-9309872 
9.93 12431 
.93 14999 


9:93073 14, 


10.0703044 
10,0705454 
10.07029 24 


10.0697805 
10.069 5245 
10:0692686 
(0.06904 28 
16 0637569 
10.0685011 


Complenent. 


Sine, 


TANGENT 
Complement. 


10.0700364/ 


Tang. | 


$1393859 
+2 1892369 
+1þ18g90879 
40,1889 39 1 


1174501 
»1175572 
1176643 
1177715 
1198787 


39; 1887904 


18864 17 


371884931 
36.1833446 
35.188 1962 
34..1380475 
33. 187$997 
32.1877516 
31,1876045 
30. 1874556 


49 


l 17986c 
I 180973 
. 1 \8 2008 
.118308: 
1184159 
11852 
1186311 
118738 
118846 


1189545 


— A 


SN, 


3:8129858 
g.3131354 
3-38132829 


3-8125444 9-8810455 


9.9 126924 9.8809376 
421.8 128401[3.8808296 
| 9.88072 l5 


9.8805052 


SINE 


Complement. 


"Tang, 


TANGENT 
| Complement. 


9.931499 19.0635011 


2.8806134 


$22 24303 
$7Þ*2135777 
;186.8137250 
$138721 
$140192 


9.8803970 
9.880288; 
9.8801 803 
9.88007 19 
9.37996 34 


| 


(10.066 1997 


10.06 5944 1 


0.814 1652 
o.8143131 
9.8 144600 


9-8147534 
3148999 
8150464 
8.815 1928 
Lolp.8153391 
Fop$154854 
5119-81563 15 
5219-81 57776 
133159235 
54Þ-8160694 
1559-8162 152 


9.3798548 
9.3797462 
9-58796375 
9-3 146067]9-879 5287 
g9.8794199 
9-8793110 
9.379202 1 


9.8788748 
9.8787656(9.9 368659 
9.878656; 
9.875470 
9-3784376 
9.85$3281 


8790930 
.878984c 


«e$16360g 
$16F066 
8166521 
8167975 
bop.$169425 


Is 


d+87$2 186 
9.8781090 
9.8779994 
9.8578896 
9.8779799 


SIN E. 
Complement. 


9-93 554 


Sine. | 


Complement. 


9371212 
9.9373765 
5.9 376318 
0.937887 1 
9.9391423 
.9333975 
9.9336527 
9.93 39079 
9.939 1631 
TANGENT 


9:9345 1 14, 10,0656886 
9.9 345670,10,06543 3c 
9-9348225/10.065 1775 
9.9350780 10,0949 220 
9:9353335116,0646665 


9.9355889/10.0644 111 


10,0641556 


9.9 3 60998|10,0639002 
9.936355210,0636448 
9-9366105]110,9633895 


10,0631341 
10,0628798 
10,0626235 
10,0623632 
10.062112 

10,06 t8577 
19,06 16025 
10,0613473 
10,0610921 
10.0608 369 


Tang, 


DAL 
9-9317547,10.0668245 3|29 
9.93 20105 10,06798g5 28 
9:.9322652 10,0677330 
9.9 325220, 10.067458c 
9.93 27777/10.067222% 
3:93 $03 34/10.2669666 
9-9332890 10.0667 11C 
949335446 10,06645 54 
90.9 333003 
9.93405 59, 


27 
26 


24 
23 
22 
21 
20 


25 


|ComAriumned 


Cut. Aru 
of Sine Com. 


1874556 


{1873077 


1370122 


1871599. 


1368646. 


1189545 
1 190624, 
191704 
192785 
1193866 


1867171 


- 1194945] 
1865697. 


1864223. 
13862750} 


1196030 


1197113 
I 198197 


13861279: 


185980 


I 19928 1 
1200366 


g 
18 


i5 
14-185 100) 
1849536 
124. 1848072 
t 1] 1846609 


7 


16 


t3 


1934934 


1853933 


1845146 
184.3685 
1942224 
. 1340765 
. 1839306 


1837848 


1858339]. 
.1856869/. 
1855400! 
:1852466k 
:120689c 
1207979 
120907 
1210 16C 


1211252 
«1212344 
1213437 


1201452 
1202539 
1203625 


1204713 
[20590] 


1214530 
121562 


121671 


1836391 


1833479 
1832025 
1830571 


| 


121981 


aydn. 
1220 


1221104 


I222201 
mer ern OE 


a i. to. 


>4 N©& 


Complement. 


g-$8777799 


9.949160] 


Tang. 


0. 877670C 
» 8775601 
38774501 
93773401 


3-9 394182 
3-9390733 
9 9399284 
3-94018z5 


9:8772300 


0-9404385 


Comp! ement. 


io o605818 
19,0603 267 
10 0690716 
10.0598165 
10.0595615 


1319-81 $5364 
13]9.818825 


i5Þ9-8193133 


$19257 
[1519-8 194012 
18]: 219544 
1912+ 1968 


2319- {ot 


> FzoGg2, 
290 (4 


28771198, 
z.8770096 
2813:8763993 


pELPSIEY 
21]19-8199764 
2213.8201196 


9.876568 


9318680719 8764574/9-942223 3 
og $76346919.94247832 
1419.8 189692þ.376236119.9427331 
.$761253|2+49429879 


9-9400936 
9-940943 

9-9412036 
9-9414585 
9-9417135 


94196834 


875349 
«8752365 


9.3751256 


540102 


$760 144[3-9432428 
.8759036[3-9434976 
olg+87 5792713-9437 5 24 
79.37568 16|-9440072 
2c|3-$1983 25h $755706]9-944-2619 


8754594199445 166, 
29447714], 


3-9450261 
.9452807 
2:945.53 54 


198749027 
, $r42ned 


$9199 89.8746795 


$21264 9. 8544561 


9-94 57900 


9-9462993 
9-946r539 
9.94 68084 


SINE 
Complement. 


Sine. 


10 0570121 
a EEE OR 


9-9460447| 


10 059 3064 
10.05905 14 
10.0587964 
lo,og85415 
10.0582865|5 
10.05803 16 
10.0577767 
10.0575218 
10.0572669 


10.0567572 
10.0565024 
10.0562476 
10.95 59928 


10,055738) 


TANGENT 


lo 10 0608 369/60 


54/. 1821867]. 


(230570 
59]-18291 18]. 
59-18 27666þ 
$7þ-1826215|- 
$$|-1824765|- 
$51-1823315| 


1222201 


ny 


+-1223300 
1224399] 


1 225499 
1226599 


1229700 


53. 18204 19]. 
$2. 1818972|. 
51].13 17526|- 

+181608)|. 


1ol.18 14936 


+7þ-181175c 
46/.1819308 
+5] 
+ 
43|- 
42]. 
+1]. 
40. 


1804550 


+3]. 1813 193[- 


. 1808867]. 
.1507427þ 
1805988]. 


1803112]. 
180167]. 


1228802 


1229904 
1231007 
L232111 
«1233215 
+» 1234320 


10-05548534 
10.055228 
10.0549739 
10.0547193 
19.0544646 
16,0542 100[34 
IQ. 0539553 
10.05 37007 
10.0534461 
10.0531916 


6138 


99|.1890239 
a a8, 
1797379 


1795937 


37] 
36 
35} 
34 
33 
32]. 
Z1 
39 


1791642 


.1788783 
.17873 54 


I7gO212þ 


1794 5044-12 
þ 1793073 


125432" 
«125 543© 


OO —— 
TANGENT 
Complemen 


Y Tang. 


485 


+1 
z019.32 126.46 


vine, 


STNE 
| Complement. 
9-3744561 


Tang. 


1 | ee —— 


> 0465084 10.0531916 


z31[9.3214073 
z32]9.3215500] 
z33[9.32 16926 
3419.3218351 
$519-3219775 
- 8221198 

0.38222621 

I0.$224042 
pp 322540) 


0.822638 
41 82283092 


j.8229921 
823113 
$232555 
10.8243971 
9.823538 
0.38236 
9.$23$213 
8239626 
9.8241037 
7 
9.8243858 
3.3245267 
3.82466 
9.38248083 


98249490] 
9.3250896' 
19.8252301 

3253705 
9.8255109 


MA 
4 


9.8743443 
9-8742325 
9.8741205 
9.8740085 
9.8733965 
9.8737844 
9.8736722 
9.8735599 
9-8734476 
9-8733352 
9.8732227| 


+1 
9. Ss” 28 
Sr——_ 


8726594 
9-8725466 

$724337 
g9-8723297 
9.8722076 


9:9433355 


9. 4h 1 rt 


9-9 506 24 


3-95 £1334 
9.95 13876 
9.95 16419] 
9.95138961 


J 9470630 IO, +0529 $70 
9.9473 175|19.0526525 


9:9475720 
2-9475265 
9-94808 10 


TANGEN 1 
Complement. 


10.05 24280 
10. OJ21735 
10.05 19190] 


9.9435899 
9-943844 3 
9-9490987 
9-9493531 
9-949607 5 


3-9 FOl162 
43 ut 


9-9508791 


10,05 16645 
10.0514101 
10.0511557 
I0.,0FOgoOlz 
10.0506469 
10.0503925 
10.0501381 
10.0498838 
10.0496295 
10.0493752 


3C 


[29]. 


28 


Neric. 


om. Arith-,Co ns. 
of Sine. } of Sin* Com. 


AriC | 


1787354 


125543 


1785927 


27. 


26/, 
25. 


241 


L3 
22 
21 


hs 


md hell #4 Dh} 3 


1784500]. 
1783074) 
1781649]. 
17380225|- 


«I25655 
125767 
[255796 
259915 
1261035 


1773502 
1777379 
1775958 
1774537 


1262156 
1263278 


l 9]. 


i8 


17 
16 


i5 


1771698]. 
1770279] 
176386 

«1767445 
1766029 


10.049 1209 
10.0433666 
10.0436124 
10.0483581 
10.0481039 


9.8720945 
9.-8719813 
9.8718681 
9.8717543 
3.8716414 
9.37 15279 
9-37 14144; 
9.8713008 
9.8711872 
9.8710735 


SINE 


Sine. | 


-9FZ150O3 


9-9 526587 


9.9534211 
9-9 536752 


9-9 524045 


9529128 
9-953 1670 


9-9539293 
9-9541834 


9.9544374 


10.0478497] 
10.0475955 
19.2473413 
10.0470872 


10.0468330 


12 


ho 


14/. 
. 1763200] 
þ1275663 


13 


9 


- 1760374 


1272276 


1264401 
1265524 


+ 1266645 


1267773 
1268898 


1270024 
»I27LIF1 


1764614 
.1761787 


.1758963|- 


1757532 
1756142] 
1754733 


1751917 


.l281315 


1753324þ 
1483586 


1273406] 
1274534 


1276793 
-1277924 


127905 


1282451 


10.046573g 
10.0463 248 
10.0462707| 
10.0458166 


TANGENT 
Complement. 


— 


Yy 


Tang. [#5 


8 
7 
6 
17 
4 
3 
2 
1 
O 


17505 1c}. 
1749104 


1284721 
1285856 


. 1747699 


10,0455626| 2 17 


.1286992| 
1289028 


.128926+5 | 


SINE {| 


Complement. 


119. TW O——_—_ 
, 219.825791319.8708458 
3[9.82593149-3707319 
4[9-32607 1 5j9.8706179 


9.9 544374 
9:9546915 


Tang. 


9-9 549455 
9:9551995 
9-9554535 


.$26211419-8705039 
.826451219.8703898 
.82649 10|9.870275 
9.38701613 
9-870047 
9.369932 


-9 557075 


9559615 
-9 562154 
+9 564694 
9-9567233| 


9569772] 


9.8698 182 
98697037 
9.869589 1 
.$694744 9-9 
9.8693597 


8692449 


9-95723 11 
9.957435 
9-9 $773 
$79927 
99582465 


azz 


— 


Com. Arim 
| mer. of Sine. 


+2 


19.045 5626|60. ED, 289 26; 


| 


10.045 308 
10.0450545 
10 044800 

10:044546 
10.0442925 
10.0440385 
10.0437846 
10.043 5307 
10.043276 

10-043022H 


[10.042768g 


ojpL0-042 5 150 


10-0422611 
L0.0420073 
1000417535 


1; 


3 
3 


ATI 


5 


54). 17 364.88 


3 


4 


57; 1740686 
56, 1739285 


S 11732297 
FO; 17 30902. 


49/172 oy 


1743488] 
1742087 


55 +17 37886] 


317350 


1729113» 
1926721 
1725329þ 
$1-1723937 


2.9586004| 


10.04 149 
10,0442458 


10.040992 
— 


829269 
-8294075]Þ-367 


9.676305 


:8677466 


10.039977 


9-9620525110-0379475 30. 1703 167]. 


10.0407382þ4. 14-171 


3(10-0402307139/-1715 


3 


10,0397233[37-17128z 
10.039469 
10.0392155135-17 10070 


1722547 
ee 


1719769 L 
331 
1716994 


1714222 


+I71145 


Sine. 16. Fongtenen, | Tang. [47] 


I 
lo. $3 2697 
$319.83 283 3 115 
9.83 2969 1 
þ.833 1050} 
, 50332408 
49.33 3 3766 
jf $335122 
) 9.33 36478 
333783 3 


.865 1849(9.9673759 
96762931003 23707} 
5O« 4 wer rp prdls 
33 115.9681360f10,043 18 


9.56 _y 


g- 36:8) 


8647 


9.864.598 115 


9.864450 


"IINE | 
Complement. 


t > $:98212 9.367515! 
9.3299589Þ-$67 3992 


I 


9.8643629]9.969 1493[10,030350 
9.364245 219.969402yf10.030597: 
þ 864 1275]9.9696559110.030344 1 


Sine 


9.962306 1|10.03769 3929 
9+3625 597 1000374403 20f 


$9.9633893 10.03 1616 


59686427 10,0313993 
$19.9638960ſ10,03 1 104C 


TANGENT 
Cond Tang. 


SY 2 


—_— : WT N & Con. —_ _ _ 
SINE. MLLAR 1 a0g. Drmglanen: tc. of Sie. of Fae Com. | 
>8296833þ $4953 09}9-96205 25112.9379475 30þ 1703 167 132369 | 

; 


.1324849 


13 26095 


.8300966ſ9-367 2533] 9.962813 3{10,937186 1327167 
b.$302342Þ $67 1673}9:-96 30669 10.036933 1 g. t328327 
83037 176 3.56705 12 1219.963 3204] 10.0366796/2 5 132943Y 
þ030509 6h 18669351 in 119.963 5740} 19.0364260{244 13306 
9.3668 18gſ9-9638275110.036172 $23} 1331811 
0783 *2-866702619.9640811 10,0359 189/22 1332974 
2920009.8665863[99643 346110,03 56654/21þ 169079113 34137 
$3 105800- 8662606 9.964588 1 10.23 541 19/20þ 16894204 133 5301 
1 8663 5 34fs 96484 1 10,0351584/! 1683030þ 13 36466 
pO 3Ec þ-0662309P 9650gy 1[10.0349049] 1 . 1636680 1337631 
8661 2029-965 3486[10.03465 1 1685312 
þ-$5 10059 28660036 .9656020110,0343980| 16339444 
I 9.86 58368}; 96x35 551100034144 16382377 1: 
= c 10.03 3391 1 21631211 
rw, + ge5653 16 9663623þ10,0336377 167984, 
8321519093655 362(9.9666157þ10,0333843}1 1678481 
þ532209;þ8 8654192 10,033 130K 3þ 167711 
1619- 653021 .9671225[10,032877 of 167 575 


_— 
wo 


A Q£<1 o& | + ww mo oy 


1 


| 


Line. 


SINE 
Complement. 


Tang. 


TANGENT 
Complement. 


3-8337333 


9-86.41275 


9:9696559 


9-83 39188 
9.844054) 
3-8341894 
39-8343 246 
2-8344597 
3-3345944 
2.8347297 
3-8348646 
9.334999. 
9.835134) 


9.5640096 
2.86389 17 
18637737 
3.8636557 
9.8635376 
1-8634194 
3-863301\ 
23.863 1828 
9.8630644 
9.8629460 


9.33 5268+ 
9-38354032 
0.8355378 
3-8356722 
3-8358066 


9.8628274 
9.8627088 
9.8625902 
9.8624714 
9.862352 


9-53 59408 
9.8360750 
9.836209 1 
9-38363431 
9.8364771 
9-8366109 
9-8367447 
9.836878 


9.8375458 


SINE 


9.8622338 
9.8621145 
3e8619958 
98618767 


9 8617576 


9.8616383 


9.837012119.8612803 
9:3837145619.8611608 


9.8372791 9.8610412 
9.83741259 
9.83767909.8606821 
9.83781229.8605622 


| Complement. ' 


9.8615190 


.860921 
9.860801 


Sine. 


9-9701624 
$7 
9.970665g 


9-9711754 
9-9714286 
9-97 168 18 
9-97 19350 
Þ-2721088 
99724413 
9-972694.5 
9+9729477 


9-9734539 
9.973707 1 


9-9742133 
9-9744664 
2:9747195 
9-9749726 
9.975 i 

9:97547 

9-975731 
9-9759849 
9-9762379 


99769970 
99772500 


9-969909 1 
9.9794 1 


9-970922 1 


-9732008 


3-97 39602 


7 
$ 


«9764909 
«9767440 


10 040344 ! 
10.0300909 
10.0298376 
10 029584 3 
10.0293311 


10,0290779 
10 0288246 
10.0285713 
10.0283 182 
10.0280659 
10.0278118 


Com. Ari 


TI 1662 67 


«1358725 


Com. Arith. 
of Sine Com. 


59.166C 512 
53.1659455 
57-1658 106 
$6.1656754 
$5'.1655403 
54". 1654052 
531652703 
5$2.1651354 
5 V.1650006 
5O 


10.0275587 
10.027 30955 
I10.0270F523 
10.0267992 
10.026546 | 


10.0262929 


1647312 
1645967 

1644622 
1643278 


KM: 


+7 
46 
+5 
1640592 
43 


10,0260398 
10.0257867 
10.0255336 
10,0252805 
I0.0250274 
10.0247743 
10.0245213 
10.0242682 
I0.0240151 


10.023762 1 


10.0235091 
I0.0232560 
10.023003 


TANGEN T) 
Complement. 


— 


35 


163925 


-1637909 
1636569 


1635229 


I 


0 
39 
38 
37 
36 .1629879 
1628544 
34 
33 
32 
ZI 


1625875 


1648659] 


164 19 34|- 


1633891]. 
1632553] 
+1631216|. 


1627209] 


1624542| 
1623210] 
1621878]. 


+13 59904 
1361083 
1 362263 
-1363443 
- 1364624 
1365806 
. 1366989 
13 2 
1 
137054 
+1371726 
+1372912 


complement, | TROBe | "compimen. | | tic often. | of che vt 
ty 28478 ,22|9-8595622 9.9772500112.9227500/30].162 1878], 1394378 
9.58604423 9-977 5030 10,022497 29] 1620547 1395577 
9.860322 3 9.2777 560 10,0222440 2816192 17|.1396777 
9.8602022[9.3730099110,92199 10/27 1617888]. 1 3979728 
3.860082 1]9.9782620| 10, 0217380/26]-16 16559]-1399179 
3-385996 19f9.9785 149|10.02148351/25|-161523 1]. 1400381 
9-359841619.9787679|10.0212321/24þ161 3904|. 1401584 
:-3597213]9-9790209[10.0209 79 1/23 -1612578| 1402787 
3-8596009[9.9792738| 10,0207 262/22]-161 1253]. 1403991 
39 93-3594 80419.3795 268|10,020473 2/2 1|- 1609928] 1405 196 
40.8391 396(2-5593 599[9-9797797110.9202203/20| 1608604] 1406401 
+16-83927 199-5592 39 3Þ9-98003 26|10,0199674/19] 160728 1]. 1407607 
42/9.839404 119-3591 = 9.9802856|10.0197 14,4/18]-16059 59þ, 1408814 
4319+ 5395363P: 2309978 819-9805 385 10.0194615 1604637 1410022 
14/9.3396684Þ- _ 77919.98079 14110,0192086|16Þ 16033 16þ. 1411230 
slo. 8398004[9-8 58756119.9810443 10,018g5 57/1 5]-1691996|. 14124 39] 
9-83993239-3853 5119.98 12972] 10.01$7028|14]-1500677]| 1413649 
8400642Þ+ Bene gBoeroe 10.0184499/13þ 15993 58þ14 14859 
8401959Þ-3583929(9.98 18030|10,018 1970|12 1 595041þ 141607 
4032761[9- 8582718[9.9820559[10,017944 1]! 1] 1596724].1417282 
49459 3|253581505[9.9823087 823087 7129:91769 1311059 $497þ 1418495 
5119.8405908[9-85 80292 9.9825616 10,.01743834] 9% 1594992]. 1419708 
$29.8407223 57907819.982 145]10.0171855| 5 1592777þ 1420922 
$3p-84085 35]9-38577863[9.98 30673[10.0169327| 7] 159 1463þ 142213 
54þ 3409 85519-3576648]5.983 3 202|10.016679 1901501423352 
8411 163 9-8575432 9.983 5730 10.016427 1588838]. 1424568 
569-841 2474[9+3 574215 9.9838259 g9f10,0161741 '4| 158752 1425785 
57p-84 13785[9-3572998[9.98 84078, I0,0159213] 3 1586215].1427002 
5 3415095 9. 8571779 963315 10,01 56685 2.158490 1428221] 
59.84 16404[9-3579561 9.98 $45844|10.0154156| 1| 1533 596| 1429439 
9841771 3]-8569341[9.9848372/10.0151628| 01582287 1430659 
== | Sins. [nn Tang. 46 


£ | 


Sine. 

9.8417713 
0.841902 1 
9.84203 28 
9-8421634 
3.8422939 
9-842 4244 


[5 © we Gelndwtm milo! 


9.3425 548 
0.38426851 
9.8428 154 


9.8430757 


9.84294 5619-8 


STNE. 
Complement. 


9-3569341 
g.8568121 


g.8565678 
9-3564455 
g9. 3563232 
9.8562008 


9.855955 
553332 


.85546530j9- 
85534219 
855219219. 


8550961 


g9-8566900 


g9.856078a1g 


.8557106 


| Tang, | FANTENT 


98509 
9.985 342 


8 
5.985548 
9.986101 


39384537 


Com. Arith1 
ner. of Sine. 


10-0 [F162 


.1582287| 


9.936354 
86606 


9 
9.986859 
9.987112 


99873651 


10.0149 1 
10.0146572 


10.014.40.44] 


10.C141516 
10.01389838 


10.0133932 


10.013 1404} 


10.0128877 
10.0126349/ 


10.0F23821 


10.012129414 


. 1580979] 


157997 I 
1575366| 
»1577061þ 


1551-15757 56t 
10,0136460j 


1574452] 


.1573149þ 
1571846} 
1570544 
-1569243| 
1567943 
I 566644 


10.01 t$766 
10.0116239 
10.0113711 


+ 


1564047 


8549730 


-1565345[-1446 


'& © Wh TANGE al L Oime , 
EEE | Tag TED | JEEen ni 
R227 SRO 290 49 3B2f 146757 


B53 11799-9926724[19-0073276|29þ 1542097] 146882 1 
852993699929 25 1]19-0070749 F) 1540812140064 
8523693 9.9931778[10-0068222 27]- 1539 529|-147 1307 
9.3527449 9-9934305]19.0065695126Þ-1535246].1472551 
9.-35262049.99368 3 10.0063 168[25]-1536964]-147379c 
9.85249 5999 3935911900606 1 1535682 1475041 
9. 25237 139-9944986 10 0058114 - 1534401 | 
9.85 224669.9944413] 10-005 5587j22]-1533121 
3 85212189, neo 10-005 3060 
9-85 19970 9-9949466[19-90505 34: 
+.8518721'9.995 1993 10,004J007H1 
/ 9.85 1747 19-99 54520119-004548 
9-047326 << 4 9957047110-004295 3] 17] 
apr 4 P35 ET, — 5 
9847531719. 13717999 2100 379 . 
547709 119-95 1246 10.0035373M4\-152290 1487535]. 
8478365 7 ome $40 10.003284611 3]. 148878; 
of 10,00303 2C I 


-1493310 | 
1495067 
1496325 
1497583 


USO: 19. 0012633 . $-149384 3 
$979.99 8g 3f10.0010 107 4þ15 Lo209].1500 10 

9-34986 9.9992420f10.00075H L1308943þ 1501363] ' 
32249-3497 37519-9994947| i0.00d59g 3] 2150767 Yþ1502625 
4# { 10.00025 25 L50641 1503087 


% 1y$0F Fo I5OFL5O) 4 
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Mathematical and Sea-Books printed fer, and Sold by William Fiſher; 
Book-ſeller, at the antient Shop by the Poſtern ow# Tower-Hill, Thos 
mas Paſſenger, at the Three Bibles »« London Bridge, a»d Ralph 
Smith, at the Bible i= Corahill, near the Royal Exchange. 


HE Mariners M:gatine, containing che Art of Navigation, Surveying, Gau- 
[ ging, Gunnery, Aſtronomy, Dialling, and Fortification, By Capt, Sam, 
Sturmy, Folio. 
The Coafting Pilot, with new Sand draughts, by. 7. Seller. 
The Marintys New Kalendar ; by Nathamel Colſgp. 
The Sea-Mans Kalenday ;, by Henry Philips. 
The Sta-mans Prafiice ; by Richard Norwood. 
Norwood's Dodtrine of Triangles with Logaricthms, exa&ly Corrected, arid much 
enlarged by the Author, ; 
Praftical Navigation, being an IntroduRtion to the whole Art; the third Edition 
carefully Corrected by F. Seller. b 
The Sea-mans Didtionary, or the Expoſition and Demonſtration of all the parts and 
_— a Ship; by Sir Feny Manwaring. : 
bf - "a4 Glafi, ſhewing the uſe of the Plain Scale 'in Navigation, Aſtronomy, 
Dialling. 
The Sta-mans Companion, teaching Arithmerick, Geometry , Trigonometry, Nas ' 
vigation ed Anon ; by Matthew Norwood. 
The Compleat Canoneer, ſhewing the Principles and Grounds of the Art of Gu 
nery ; as alſo ſeveral Fire-works for Sea and n 
The Safeguard of Sailers , and Pilots Sea» Mirror , deſcribing ' the Sea-Coaſls of 
England, Scotland, Ireland, France, Holland, Denmark , Norway, &t. according to the 
neweſt Waggoner, with new Sea-Charts, A Book very uſeful, ' 
' The Compleat Modalift, ſhewing how to raiſe the Model of any Ship or Ved 
ether in Proporriop or our of Proportion, and to find the bigneſs of eve 
Rope in all Veſſels exatly, with the weight of their and Cables, Allo 
Boat Swing At; by H. Bond. 1 in oh 
'The Compleat Ship-wright, _— propartions experienc' 
|; ord ts their caſtne of ilding with the drawing of a draught, 
ent making vis fate, by Arithmerick and Geometry 3 by 
The Geometrical Sea-man,ſhewing the three kinds of Sailing by the true Sea-Chary 
Mercator's Chart,and by a Great Grcle,with two Traverſe T. added;by H.Philiys 
Norwood's Epitome, applyed to Plain and Afrcator*s Sailing, with uſcful Tables it 
Navigarion, carefully Co &c, | 
An Epitome of Navigation”; by H. Gillebrand. | 
- The Meriners Compaſs reflified; -A Book furniſhed with Tables of Hours and Ati 
murh, uſeful in Navigation; - Calculated from © deg, ro 60 deg. of Larirude: 
the Uſe of all Inſtruments-1n Navigation: By Andrew Wakeley, ooo 
Mathematical Manual, by Mr. Philips, of Navigation, Gunnery, Dialling, Survey* 
ing, Gauging 3 with a of Logarnhms, ro 100005. OPER 4 
There are alſo ſold all other forts of Mathematical and Sea-Books 1n Exglih of 
Books of any other SubjeR, as Divinity, Hiſtory, Portry,&c. Waggoners, 
for all parts of the World, all ſorts Bens, rurd or unruld, 
the cheapeſt Rate : Alſo Bibles, or other Books new Bound and Claſp'd ; and tne 
beſt Writing-Ink, Pens, Wax, Waters, Pencils, &c, | 


, - 


nn 


'Sea-mans Pzactice : 


A Fundamental Problem 
NAVIGATION, 


F xrERtMENTALLY V ekt1F1ED: 
NAMELY, 


the Quantity of a Degree in our Engliſh Meaſures. 
| 


ALSO 


An exat Method or Form of keeping a Reckoning or Jour- 
nal at SEA, in any kind or manner of Sailing. 


With certain TABLES and other Ruler uſed in Navigation. As 
alfo the Plotting and Ar of Places : The Latitude of the 
Principal Places. in ENG 


| poſs: The finding of the Currents at Sea, and what Allowance 
15 tobe given in reſpeS of them. 
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To the Reader. : 
Tc E Circuit of the Earth and Sea (as the Circumference of every 


Circle) contains 2360 Degrees, by which Degrees the Diſtances 
thereon are meaſured, ſo that the Knowledge of the Quantity of 
ſuch a Degree in our known Meaſures, is a fundamental Principle 
in Coſmography and Navigation,os #pon which 1s grounded the Reckon- 
ing of the Ship's way, or Diſtance run. For though a Mariner, being 
in bis Voyage en the vaſt Ocean, bath ſometimes three things to certify 
bm fog i, and how to ſhape his Courſe to his deſired Port, name- 
ly, bis Latitude, Courſe or Diftance , and ſometimes a fourth, namely, 
ſome near conjefure of his Longitude by the Variation, or otherwiſe , 
yet oftentimes (as in cloſe Weather) he hath nothing but his Courſe and 
Diſtance ;, otherwhile only his Latitude and Diſtance 1s bys chief Guide 
* in falling in with his intended Port. I know 1t is uſual to allow near 7 
Fathoms, or 41* Feet to a Knot ;, and ſo many of thoſe Knots as run 
out in half a minute, ſo many miles they account the Ship”s way to be in 
an hour. And if in half a minute ſhe run 413 Feet, then in 60 minutes 
or an heur, ſhe runs 5000 Feet ;, and thus they account 5000 Engliſh 
Fret, or 1000 Paces, to be a mile, and 60 of thoſe miles to be a degree, 
ſuch as the whole Circumference in any great Circle is 360. But how 5s 
this known to be true? If it be anſwered, that it is known to be ſo by 
experience; then I would know further by what Experiment this was 
found to be ſo? where, and by whom made ? I preſs this ſo much the 
rather, becauſe I am perſwaded we have at this day as many excellent 
Navigators in this Kingdom, and as great Voyages performed, az from 
any other place in the World ; and I ſhould be glad to here of the expe- 
rimental Reſolution of this Problem by ſome of them, tho it were. but in 
ruming 8 or 10 degrees near the Meridian : for ſo I doubt not but that 
which I have bere written thereof, would recerve farther Confirmation, 
and better Entertainment, than bapily it will now, being ſo much dif- 
ferem from the common Opinion, and the Arts of Navigation and Co 
mography., would be much more perfetted in a ſhort time. For one Er- 
ror (as a fruitful Mother ) is oftentimes the cauſe of more; and ſo the re- 
noving of one is occaſion of removing others, eſpecially when they do 
wutually ſupport one another. As we ſhall bere ſhew how the Errer im 
the Projettion and uſe of the common Sea-Chart, is ſupported by this 
Error of accounting only 20000 of our Fret to a Degree, and this in 
lke fort upheld by that, ſo that they will ftand or fall together. And 
ſurely that had falten long ſince being ſo manifeſtly convinced, if it had 
wr been upheld by this. Kor the confuting o that (1 mean the _ 
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Sea-Chart) it was ſufficient to know that the Earth and Sea make one 
Spherical Body. But in diſproving and redliſying this, 1t is neceſſary to 
Know moreover what is the Quantuy of that Spherical Body. And to that 
end it was neceſſary to make a ſenſible application of our known Meaſures 
to a determinate part of the whole, that ſo the quantity of that determi. 
ned Part being known, and the m—_—_ thereof to the whole, the quan- 
tity of the whole might alſo be —_— And this I bave endeavoured 
in the Experiment following, which if I had not handled ſo exattly in all 
Points as ſome would deſire, (that requiring more Time and Charge than [ 
could well beſtow) yer I doubt not but it will be found that I have come 
very near the Truth. Some hapily will cenſure me, for being my ſelf-at 
the expence to make ſuch an Experiment. But I was as frugal m it a1 
I coull, adding Pains and Induſtry to ſave expence ;, I came up m ten 
or eleven days, and had other neceſſary pe na to lead me from one 
place to the other, and did this as a thing falling opportunely in ny 
way : But indeed, as in all other parts of Learning, F-; 1n the Mathems- 
ticks, eſpecially in their application, or middle Mathematicks, (as ſone 
call them) it is neceſſary with Speculation, to join attual and exft- 
rimental Prattices, the former being empty and uncertain without theſe. 
It :s true, that the Mathematicks afford large Fields of delightful Specu- 
lot zons, wherein a man might walk far with much pleaſure : But if fron 
fo many fair flowers he bring home no Honey, or from ſuch large Fields 
no Sheaves, I mean , if he bring not thoſe Speculations to ſome 
»ſeful Prattices, neither himſelf nor others are like to recerve mucÞ 
Fruit by them. But this indeed cannot be effetted without more labour 
and difficulty ;, yea ſometimes it requires mechanical and bodily Exerc 
fes, which ſome eſteem too mean and unworthy to ſtoop unto. But for 
mine own part, I acknowledg to have had my Living and Maintenance by 
the Mathematicks, and not by Speculation only, but rather by my Pratfice 
therein; and therefore alſo deſire what in me lies to make them frut- 
ful to my ſelf and others, and to that end have ſpent in ſome prin 
pat parts of the Mathematicks, near as much time and means in experi- 
mental Prattices and Concluſions, as in the Speculation. Moreover, 
confider that this particular Experiment was propoſed-above 20 lears 
ſince, by our Country-man Mr. Edward Wright, to invite ſome to the 
Trial of it, as a thing which be would have done himſelf, if be had found 
fuch furtherance and opportunny as be deſired, which it ſeems he did nal, 
nor any other ſince that time : Rather than ſo noble and neceſſary a Prot 
blem ſhould longar reft unreſolved, I took the opportunity offered, hopung 
it may be an occaſion to whet on ſome others todo 8 like. This with ſome & 
ther things which I concerved to be wanting in the Prattice of Navigation, 
F have handled in this enſuing Treatiſe, which I commend 10 your friend 
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CHAP. I. The common Opiniontouching the ( ompaſs of 
the Earth, and Quantity of a Degree of the ſame. 


T is a common received Opinion in Erg/and, (and- the like is-in- . 
other places) thatallowing 5 of our Eng/z/h Feet toa Geometrical 
Pace, a thouſand of thoſe Paces make an I:a/:an Mile, and 50 of 
thoſe Miles in any great Circle, upon the Spherical Surface of the 
rth or Sea, make a Degree : and thus it is ſuppoſed, that a De- 
ee contains 60 Miles, or 6cooo Paces, or 3000co of our Engliſh 
eet, and by ſuch Miles do Mariners in their Voyages by Sea keep their 
Reckonings. And becauſe the whole Circumterence of a Circle is 360 
degrees, therefore the Compaſs of the Earth, according to this opinion, 
ſhould be 2600 ſuch Ira/:an Miles, or 21600000 Paces, or 108000000 
of our Engliſh Feet. Whence this opinion came, or upon what Expe- 
riment it ſhould. be grounded, I cannot certainly ſay: It may ſeem to be 
taken, or rather miſtaken, from Pro/omy, who faith, there are 500Sra- 
diums ina degree; the ſame was before affirmed by Marinus Tyrixs, of. 
whom Pto/omy ſpeaking in the 117h Chap..of his firſt Book of Geogra- 
Phy, hath theſe words, Sed in hoc quoque retle ſentit, partem unam qualium 
eſt Crrculis maxims tricentorum ſexaginta, quingenta in terra conftutu- 
ere Stadia, id enim confeſfis dimenſionbius po _ Now a 
Stadium, not only amongſt the Greeks, but as appears by Herodotus, 
amongſt all other Nations of A/ia, and in Egypt, did-confift of 600 
Feer, or 100 Orgays, anOrgay comaining 6 Feet, or 4 Cubits, as our 
Fathom doth ; the ſame alſo is teſtified by Swidas and others: So that a 
ee containing 500 Sradizms, and every Stadium 600 feet, it fol- 
lows, that a Degree muſt contain 300009 Feet, exaQly agreeing in 
aumber with the common received Opinion in Eng/and ; which _ 
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fore may ſeem to be hence derived; and would alſo receive much Con. 
firmation hereby, (he being an Author of ſuch approved Credit) if it 
could be approved that our Erg/1/h Feet were exactly equal to the Egyp- 
tian or Alexandricn Feet, wherePtolomy wrote. Otherwiſe that being true, 
that ſo many of their Fezt make a Degree, it will follow, thar if ours be 
grcater, there be fewer of them contained in a Degree, if leffer (as un- 
doubtedly they are) there muſt be more of them contained in a degree. 

Philander. in his Commentary upon the third Chapter of the third 
Book of Vitrwoins, hath exprelied the Quantity of the antient Roman 
Foot, where (by a competent allowance for the ſhrinking of the Paper, 
being printed wet) it may probably be gathered that it was ſomething 
longer than our Eng/t/h Foot. But the Alexandrian and Egyptian Foot 
was much greater : tor according to Hero Mecanicws, 5 Alexandriag 
Feet were equal to 6 Roman Feet : ſeeing then the antient Roman Foot 
was ſomething greater than ours, the A/exandrian mult needs be much 
greater than ours. So that whereas Pto/omy faith, there are 500 Stadiums 
in a Degree; and, as we have ſhewed, a Srad:um did confift of 509 
Feet, thele being Egyptian or Alexandrian Feer, as it is moſt probable, 
being the Place where Pro/omy lived , there mult be a far greater num- 
ber of our Feet in a Srad:um,. and fo in a degree ; whence it is evident, 
that there is no ſufficient footing for this common Opinion in the Aſſer- 
tion of Prolomy. 

Neither doth the Prattice.and Experience of Mariners in their Voy- 
ages at Sea prove it; for there is no Reckoning or Experiment at Sea 
{et down by any (that I have ſeen) to confirm it. And tho it be true, 
that in failing between two Places that lie near to one and the ſame 
Parallel, they ground their Reckoning chiefly upon this Suppoſirion, 
that 3000co of our Engliſh Feet make a Degree, yer can they ſ:14om 
or nevcr by thoſe Reckonings diſcern the Error, the rather for that they 
have been, and for the moſt part are ſtill kept upon the plain or com- 
mon Sea-Chart, which makes a Degree in any Parallel equal to a De- 
gree in the Equinoctial, and ſo makes a Degree in any Parallel to con- 
tain 200006 Feet; And it is true, that in ſome Parallel a Degree doth 
contain only 300000 of our Engliſh Feer ; namely, about thaeParallel 
which 1s in Lat. 25 deg. (as we ſhall further ſhew hereafter) near un- 
to which have the principal of our Eaſtern,and Weſtern Voyages been 
made. And thus, tho this Opinion of 300000 Feer in a Degree, and 
the ProjeQtion of the common Chart, be both erroneous; yer, becauſe 
the Error of the one doth ſomewhat falve the other, they could not 
be ſo cafily diſcern'd by Experience only. Bl 

us 


The Scaman's Pzactice. 7 

This Opinion of 30ccco Engliſh Feet to a Degree, may ſeem alſo 
to be ſomething confirmed by an Obſervation made by our Countrv- 
man Mr. Edward Wight, upon Mount Edgcomb near Plimouth, of the 
Semidiameter of the Earth, which he bath fer down in kis Book, Of 
the Correttion of Errors in Navigation, ho 15. where he finds the 
Semidiameter to be 18312621 ot our Engliſh Feet: whence #t may be 
gathered, that in a Degtee of a great Circle of the Earth, there {ſhould 
not be full out 200000 of our Feet. But the way by him then uſed, 
tho? it was very fit for the end whereunto he there applies it, namely, 
to find the dipping or depreſhon of the apparent Horizon beneath the 
true, according to the height of the Eye above the Water, yet will 
it eafily be grantcd to be no exaCt way for finding-the Semidiameter, 
and conſequently the Circumterence of the Earth, or the Quantity of a 
Degree on the ſame; and ſo he ſays there, thathe uſed that way, becauſe 
he wanted opportunity to put in practice a more exatt way. Where- 
fore, for the Farther ſarisfattion of my ſelf and others in rhis Point, 
and chiefly for the necellary uſe it hath in the Practice of Navigation, 
[ have made the Experiment following, that ſo the Quantity of a De- 
. gree, and of the whole Compals of the Earth, might at leaſt-wiſe be 
nearly known in our Engliſh Meaſures. 


CHAP. 1I. rdn Experiment made for finding the Quantity of 
a Degree, ahd ſo of the Circumference of the Earth and Sea in 
our known Meaſures. x 


Aving occaſion to be in the City of 107k about the beginning of 
Fune, Anno 1635, I made there ſeveral Oblervations of the Me: 
ndian Altitude of the Sun, the laſt of which was made the 11th of 
Zune, the Sky was-every of thoſe days ſomething overcaſt at Noon, 
et not ſo much but thak anObſcervation might be made to a near Scant- 
ing: And becauſe the laſt of thoſe Obſervations is-moſt fit for the pre- 
ſent Occafion, and that day Was as clear as any of the other, we will 
here eſpecially make uſe of that, being as followerh. 

Upon the 11th of Zune 1625, I made an Obſervation near the mid- 
dle of the City of Jor&, of the Meridian Altitude of the Sun, by an 
Arch of a Sextent of more than fve Foot Semidiameter, and found the 
apparent Altitude of the Sun that day at Noon to be 59 deg. 33 min. 

had alſo formerly upon the 11th of Zune, Anno 1633, obſerved in 

the City of London, near the Tower, the apparent Meridian Altitude 
of the Sun, and found the fame to be 62 deg. 1 miu, And ſeeing the 
Sun's. 
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Sun's Declination upon the 11th day of Zane, 1635, —_—_— the 11th 
day of Zune, 1633 was one and the ſame, withour any ſenſible diffe. 
rence; and becauſe theſe Altitudes differ but little, we thall not need 
to make any alteration or allowance, in reſpe&t of Declination, Re- 
fraction, or Parallax : Wherefore ſubtraQting the leſſer apparent Alti. 
rude, namely 59 deg. 33 min. from the greater 62 deg. 1 min. there 
remains 2 deg. -28 min. which is the difterence. of Latitude of theſe 
two Cities, namely, of London and Tork, Alſo by the atoreſaid Oh- 
ſervation made in rk, it appears that the Latitude of that City is 53 
deg. 58 min. almoſt. 

Bur to our purpoſe: Coming at that time from thence to London, 
I further found' by Meaſure, that'the Parallel of Tork is from the Pa. 
rallel of London 9149 Chains; every Chain being 6 Poles, and every 
Pole 165 of our Engliſh Feet; that is, every Chain 99 Feet. (After 
what manner I found this to be ſo,we ſhall further exprels hereafter: ) 
But thus, as I ſay, I found that Tork is more Northerly than London 
by 9149 Chains: And before we have noted that theſe rwo places dit- 
fer in Latitude 2 deg. 28 min. therefore it follows, that 2 deg. 28 
min. of the Meridian of the Earth and Sea, is equal to 9149 Chains 
And if accordingly we would know how many of thoſe Chains axe 
contained in 1 Deg. we may find that by the Rule of proportion, firlt 
reducing the Degrees into Minutes, and then ſay, 


[f the difference of Latitude —— ———— —— 148 co. ar. 7.82974 
give ſuch a number of Chains, —-— ——---9149 —— 3.96137 
Then 1 Degfee, that is m—— —— <0 —].7 7815 
gives of ſuch Chatns ——— ——--— — 2709 — — 2.56925 


and ſomewhat more namely, 5 Feet, which reduced into Feet, make 
367196; that is, 367200 Feet in a Degree, lacking 4 Feet, which here 
we regarded not. 

Thus then according to this Experiment it is evident, that one de- 
gree of a great Circle meaſured on the Earth, is near 367200 Feet, 
which in our Poles of 164 Feet, is 22254 Poles, and about one halt; 
and theſe reduced into Furlongs, at 4v Poles to the Furlong, make 
556 Furlongs and 14 Poles: And laſtly, theſe reduced into our Eng- 
liſh Miles, of 8 Furlongs to a Mile, make 69 Miles, and 4 Furlongs 
14 Poles, that is 694 Miles and 14 Poles in a Degree. 

And hence, according to the moſt,approved Hypotheſis of the Sphe- 
Ficity of this Terreftial Globe, we may find the Compaſs of it as fol- 
loweth. Burt firſt you may note, that we ſpeak not here of the Com- 
paſs of the Earth in any Parallel, or leſs Circle deſcribed gr" wy 
thereof, 
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thereof, (that being various according to the different diſtance of tho{© 
Circles from their Poles) but of the Compaſs taken in the middle of 
ateſt thickneſs of the Globe; namely, in any great Circle, ſuch as 
ivide the whole Globe into two equal parts, of which kind are the 
EquinoCtial and all Meridians, Cc. this being properly the Perimerer 
or Compaſs of a Spherical Body. 

Now ſeeing Dame is the 260 part of the Circumference of a Cir- 
cle, (for any Circumterence being divided aQtually, or by ſuppoſition, 
into 360 equal parts, thoſe parts are called Degrees) it we can find 
how many Feet, Paces, Miles, or other known Meaſures, are contain- 
ed in one of thoſe ces, then ſhall we eafily conclude how many of 
the ſame known Meaſures are contained in the whole Circumtference : 
But by the former Experiment we find, that in one Degree of a great 
Circle on the Spherical Superficies of the Earth, there is contain'd 36 = 
Feet; therefore it is evident, that 360 times 367200 Feet is the Com 
pals of the whole ; whereof m— 267200 by 360, the Produt 
$ 132192000 Feet, which reduced into Poles, 1s 8011636 : And theſe 
reduced into Furlongs, are 200290 Furlongs 36 Poles. And laſtly, theſe 
reduced into Miles, are 25036 Engliſh Miles, and ſomewhat more, for 
the Circuit of the Earth and Sea. 

If further, we deſire the Diameter and Semidiameter of the Earth : 
Foraſmuch as it is proved by Archimedes, that the Proportion of the 
Circumference of a Circle is the Diameter thereof, almoſt as 22 to 7; 
Therefore by the Rule of Proportion, as 22 to 7, 10 is the Circumtfe- 
rence of the Earth to the Diameter thereof: So that multiplying the 
Circumference of rhe Earth, namely 1232192000 Feet by 7, and divi- 
ding the ProduQt, namely 925 344000 by 22, the Quotient, namely 
42061091, is the Diameter of the Earth in Feet; the half whereof; 
namely 21030545 Feet, is the Semidiameter of the ſame, being 21 

[lions of Feet, and ſomewhat more; theſe reduced into Engliſh Miles 
& before we did the Circumterence, ſhew the Diameter of the Earth 
to be 7966 Miles, and ſomewhat more, and the Semidiameter 2982. 
And thus we have the Circumference, Diameter, and Semediameter of 
the Earth, as alſo the Quantity of a Degree of the ſame Circumference, 
Inknown Meaſures of Feer, Furlongs and Miles, E7c. There are only 
wo things here which may ſeem doubrful ; namely the Experiment it 
elf, and the Hypotheſis of the Sphericity of this Terreſtrial Globe, 
confiſting of the Earth and Sea; for theſe being admitted, the Meaſures 
thence deduced, as before, will necellarily tollow. 

Now touching the Experiment; I conteſs, rhat to have made it ſo 
B exaCt 
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exact as were requiſite, and in all Points ſo as I ſhall ſhew in the 
Chapter following, would have required much more Time and Ex. 
pence than mine Ability would reach unto : Yet having made Obſerya- 
tion at Tork, as aforeſaid, I meaſured (for the moſt part) the Way 
from thence to London; and where I meaſured nor, I paced, (where- 
in through Cuſtom, I uſually come very near the Truth) obſerving all 
the way as I came with a Circumferentor all the principal Angles of 
Poſition, or Windings of the Way, (with convenient allowance for 0- 
therlefſer, Windings, Aſcents and Deſcents) and theſe I laid not down 
by a ProtraCtor after the uſual manner, but framed a Table much more 
exaCt and fit for this purpoſe, as we ſhall after ſhew ; ſo that I may 
affirm rhe Experiment to be near the Truth. 

Touching the Hyporbe/is, thar the Earth and S2a make one Spherical 
or round Body, it is generally agreed upon by all the principal Philo. 
ſophers, Aſtronomers, Geographers, and Navigators, Ancient and Mo- 
dern : Some Reaſons demonttrative tor theConfirmation thereof may be 
theſe. Firſt, The Eclipſes, eſpecially of the Moon, which are cauſed 
by the ſhadow of the Body of the Earth, being interpoſed between 
the Sun and the Moon: And toraſmuch as this ſhadow doth fall up- 
on the Moon always, and upon every fide circular, and fo appears to 
ns ; it is manifeſt by the Opricks, that the Earth, trom whence it pro- 
ceeds, is a Spherical Body. ; 

Secondly, Likewiſe the Eclipſes of the Sun, which are cauſed by the 
Interpofition of the Moon between the Sun, and thoſe. places where it 
appears eclipſed ; I ſay. it could not bedetermined when, and .in what 
place ſuch an Ecliſpe ſhould appear, and where nor, if the Form of 
the Earth were not known: But ſeeing the places where ſuch Eclipſes 
happen, and where not, may be, and are uſually determined, and that 
«a this ground, That the Surface of the Earth is Spherical, it is thence 
alſo ratified to be a Truth. 

Thirdly, The Sun, Moon, and Stars, do riſ: and ſet, and areupon 
the Meridian ſooner to thoſe that are reſident in the Eaſtern parts, than - 
ro others more Weſterly, and that in a proportion anſwerabl2 to the 
Rouneneſs of the Earth, as the Planets and Stars are upon our Merid- 
an at London ſooner by almoſt 4 Hours, then they are to thoſe that in 
habit the Summer-I/lands. and the Contines of Virginia and New-Eng: 

land: And fo in Eaft-India, and other Eaſtern Kegions, the Sun and 
Stars are ſooner upon their Meridian than upon ours ; which is mant 
teſt ro be ſo, as by other reaſons, ſo eſpecially by the Eclipſes of the 
Moon: For anEclipſe of the Moon hath not in ir ſelf any Grey of 
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Time, being at one and the ſame 'nitant without reſpeQ of places; yet 
becauſe in the Eaſtern parts the Day is begun, and it may he far/ſpent 
before it begin in places tar Welterly, therefore ſuch an Eclipſe may 
appear to the Eaſtern Inhabitants toward the end of the Night, which 
to the Weſtern appears in the beginning or middle of the fame Night 
with them; and 1o the Dittcrence will be more or leſs, according to 
the different Diſtance of thole places in Longitude. 

Fourthly, Furthermore we 1ec, that going or failing to the North- 
wards, we have the Artick Fole and Northern Stars more elevated, and 
the Antartick Pole and Souih.mm Stars more depreſſed, the Elevarion 
Northerly increaſing equa'lv with the Deprefſion Southerly, and either 
of them proportional to '/'- Diſtances which we go: The like happens 
in going to the Sourliw4r''s. Beſides, the Oblique Aſcenhons Delcen- 
fions, Occultations, Emer!:ons, and Amplitudes of rifing and ſetting of 
the Sun and Stars in eve:y everal Latitude, agreeable ro the Hy pothefis 
of the Earths Spher.city. 411 which could not be fo, it the Earth were 
of any other than of a Spherical From. 

Fifthly, So if we ſtand upon the Sea-ſhoar, and ſee a Ship far off 
under Sail, making towards the Land, at firſt we ſee only the Top- 
fails or higheſt parts, and withal do maniteſtly behold the Convex Su- 
perficies of rhe Sea, as it were raiſed and interpoling it felt between 
our Sight and the Hull, orlower parts of theShip, rill ſhe approacheth 
nearer, and this uniformly every ways alike, and proportionably to the 
ſeveral Diſtances; which doth evidently demonſtrate the Spherical 
Roundneſs thereof. 

vixthly and laſtly, (to add no more) The Navigations of theſe latter 
times make it apparent, thoſe eſpecially that have been made round 
about the World, as thoſe rwo Voyages by our famous Country-men 
dit Francis Drake, and Mr. Thomas Candi/h, both which ſeverally fail- 
ing from our Coaſt to the Weſt-Indies, and paſſing the Straights of 
Magellan, contiriued their Courſe Weſterly, till they came into thoſe 
Parts, which are from us to the Eaſtward, namely, to the Eaft-Indies, 
and fo failed ſtill Weſtward till they came to Cape bon Eſperance, and 
thence returned into Eng/and: Having ſailed about the whole Terrel- 
tnal Globe, they found nothing by their Obſervations or Reckonings 
different from the uniform Sphericity thereof in all its parts. Thar 
they came ſhort in the number of Days, one, or reckoned the time of 
their Abſence leſs by one Day and a Night than they which remained 
at Home, this further confirms the thing in hand. 

Yet whilſt we ſpeak here of the Roundneſs of the Earth and Sea, 
B 2 we 
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we intend it not ſo ftriftly as if it werea thing turned round without 
any Inequality to its Superficiesz bur as a Bowl or Ball, though it 
hath ſome Duſt or ſmall grains oft Sand cleaving thereto, may ſtill be 
faid to be round. So, though the Land, Hills, and Mountains, be ſome. 
what raiſed above the Spherical Superficies of the Sea; and if there 
ſhould be alſo ſome Valleys or Bottoms more deprelled ; yet ſeeing the 
greateſt of theſe Inequalities, have ſcarce any ſenfible proportion to the 
whole, we may well affirm the whole to be round. 

The Relations made of the prodigious Height of ſome Mountains, as 
to be 50 or 50 Miles high, if 1t be underſtood of their perpendicular or 
dire&t height, are fabulous; the Mount Az/z is recorded by ſome of 
the Ancients, to reach up almoſt to the Moon, and to be as it were a 
Pillar for the Heavens to reſt upon, being meatured Geometrically by 
Eratoſthenes, the Perpendicular, or upright Height from the Top there: 
of to the Valleys beneath, was found not to exceed 10 Stadiums, which 
of our Engliſh Meaſure is little more than a Mile and a Quarter, 2 
Stadium not much differing from our Furlong; and the like might he 
ſhewed of others. Bur if we admit the higheſt Mountain to riſe per- 
pendicularly above the Spherical Superficies of the Sea 2 Miles; yet 
{eeing the Diameter or whole Thicknels of the Earth is, as we have be- 
fore thewed, 7966 Miles, this Exorbitancy or difference of 2 Miles is 
of ſmall moment, yea, it there weze any Mountain 8 Miles in height 
upright, yet this compared with the whole Thickneſs of the Earth, is 
little mere than one thouſand part thereof; therefore we may conclude, 
that this Terreſtrial Globe confiſting of the Earth and Sea, is Spherical. 
We come in the next place to ſhew, by what way of meaſuring we 
found the Parallel of Tork to be diſtant from the Parallel of London 
9149 Chains. And ſo how the Diſtance of the Parallels of two places 
may be exaCtly meaſured. 


Chap. IH. A moſt exatt way for finding the Quantity of the Di- 
ameter and Circumference of the Earth and Sea, and of « Dt- 
2ree on the ſame. ru 


Do the more fully ſet down the way of making this Experiment, 
I that ſo I may give occaſion to any who are ſo noble minded for a 
publick Good, as to be at that Charge to make a farther and more 
exatt trial thereof. Now.then, the beſt and perfeteſt way is, - to 0b- 
ſerve ſo exaQly as may be the Summer Solftitial Altirudes of the Sun 
at two Places ſo far diſtant aſunder, and lying ſo near North and South 
ach irom other, with 10 direQ and fair a Way betwixt them as _ 
niently 
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niently may be choſen: Suppoſe: for Example, Chrift-Church and Ber” 
wick, or ſome other Place in the fartheſt parts of Scotland, for the 
further theſe two Places are each from other, the more perteCtly may 
this buſineſs be performed. Then meaſure as truly as is poſhble, and 
ſet down in a Book all the way between thoſe two Places, with all rhe 
Windings, Aſcents and Deſcents that are rherein, whereby with the 
help of the enſuing Table, you may eahly and exattly find how much 
the one Place is more Southerly than the other. For this purpoſe the 
plain Table is not the fitteſt Inſtrument, but rather a Theodolite or Pe- 
raftor or ſome other of that kind, obſerving diligently the Variation 
of the Needle. The Chain may be 6 Poles long, or rather 1co Feer, 
and the Table fitted accordingly (but the Table tollowing is for Poles) . 
if it ſhould be much longer, ir would be too heavy. The High-ways 

are commonly crooked ; yet becauſe of ſundry Obſtacles and hs 
ments which are incident out of the Way, and becauſe a Man cannot 
certainly at firſt direct himſelf the neareſt and beſt way to the Place in- 
tended, it would be expedient to meaſure the diſtance as aforeſaid; 
fiſt in the High-ways leading from the one to the other, and then in the 


neareſt and beſt way that could be choſen between them , arid ſo if a- 


ny notable Error happea in the one, it may be diſcover'd and amended 
in the other, The torm which I obſerved 1n ſetting down the Meaſures 
and Angles, was according to this Example. 


Deg. | Diſtances. | North. . South. | Eaft. | Weſt. 


— —— —_— 


S. E. 31] iuth3- | 


—_—____ 


S.E. 20 tm | 
J E. 13 _—X | 
mw TE. 
S. W. "##—> 
—" 


RE 4 


bs 


It is to be underſtood, That the Table here following, was before 
calculated to ſerve inſtead of a Protrafor for a Circumferentor, or 0- 


ther graduated Inſtrument, and for a Chain of 3 Poles, which for = 
mo 


——D 
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moſt part I uſe; yet it may be very well applied to a Chain of 6 Poles, 
(as in this buſineſs it was) reckoning every Chain to be two &c. And 
thus for every ten Chains, of 6 Poles to a Chain, I make two ſtrokes, 
ſignifying 2 Changes, or 20 Chains, and if there be any odd Chains, 
for thoſe I ſet a Figure in another Line next below ; and if moreover 
any odd Poles, whether one or two, tor thoſe I ſet another Figure in 
a third Line below. Thus the laſt Entrance before going, heingS. E. 5 
Degrees, i={HHH— lignifies that the Line upon which I went, was 


from the South part of theMeridian to the Eaftwards, making an Angle 
with the Meridian of 5 deg. the 9 ſtroakes fignifie 9 Changes, or 90 
Chains; the Figure 5 fignifieth 5 Chains,and the Figure 2 two Poles. So 
that it is to be read thus, South-Eaſterly, 5” Degrees, 9 Changes, 5 
Chains, and 2 Poles, and the like isto be underſtood of the reſt. Burt 
for the molt part, having liberty of Ground, I end the Meaſure of e- 
very Line, either with a whole number of Changes, or atleaſt of Chains. 
And thus proceed all day, towards the Evening, or when elſe I have 
time convenient, I reduce all theſe Diſtunces, upon what Lines or An- 
gles ſoever they be, to Diſtances North or South, Eaſt or Weſt, as 


here appeareth. 
Deg. | Diſtances. | .North. South. [Eaſt.Weſty 
257111545 
S E- ZI TITTY : | 
0 2831911026 
S. E 20 #Hthth 1692] 516 
S. E wma. CI69| 062 
. . I'2 . . 4 
EU nn 
| * © 1499 052 
S.W " SH— 269d] 235 
HHH Fi OT49] O13 
SE © - —o_—— 
— | 
Chains: 571 16286[4578| £52 
WK 54] 
Poles. I715 16286145 26 YR 


We will explain the laſt, and ſo the reſt may eafily be underſtood; 
S. E. 5 deg. +HHHH— 5. 2. Here becauſe I have S: E. the Numbers 


taken out of the Table muſt be put in the Columns entituled br - 
| af, 


BA 


"i 
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Eaſt. Then in the Table under 5 deg. I look for 9 Changes, and find 
againſt it 2690, and in the adjacent Column under the Complement 
thereof 225 ; and becauſe S.E. 5 deg. is leſs than 45 deg. that is nearer 
to the South than to the Faſt, I put into-the Column entituled Sourh 
2690, and in that entituled Eaſt 235 ; than again in the ſame Tabular 
Column under 5 deg. I find againſt 5 Chains (cutting oft a Figure, be- 
cauſe 5 Chains is but the tenth part of 5 Changes) 149 to be pur in 
the South Column, and 13 for the Eaſt Column. Laſtly, againſt 2 
Poles I find for the South Column 20, and for the Eaſt 2; and the like 
is to be underſtood of all the 1eft. Now ſuppoling this laſt ro be a 
Place, whoſe Diſtance and Situation from the firſt 15 required; I ſum. 
up the Columns ſeverally, and of the North and South Columns ſub- 
tra& the leſſer trom the greater, and ſo of the Eait and Weſt Columns, 
and fo it will appear how-much North or South, and how much Eaſt 
or Weſt the laſt Place is from the firſt. 

As in this Example, we find the laſt Place to be to the Southwards 
of the firſt 1628 Poles, for the laſt Figure may be cur oft, being uſed in 
the Table only for the more exaQtneſs, or may be made a Fraction, 
and ſo it is 1628-£, Poles; likewiſe the laſt place is to the Eaſtwards 
of thefirſt 45 2<. Poles; and rhus I proceed all the way. Now rouch- 
ing the Angels of Aſcent and Deſcent of Hills and Valleys; to have ob- 
ſerved them exactly, would have required more Time aniCharge than 
| could of my ſelt beſtow, yer I made ailowance for fuch-of them as 
were of moſt moment : he that would oblerve them all, may either 
make 2 or 23 Columns more, or keep an account of them apart by them. 
ſelves. Burt if he intend no farther utz of them, but to find the nea- 
reſt Diſtance, he need not ſet thzm down, bur make allowance tor 
them on'the Ground, keeping his Diſtances entire withour Fractions. 
As admit I obſerve the Aſcent from a Valley to the Brow of a Hill to 
be 14 deg. above the Level or Horizontol Line, and that meaſuring, 
| find the diſtance to he 20 Poles: Irurn to the Table, and under 14 deg. 
and againſt 10 Chains, I find 2911, and 726, ſhewing that the Level, 
or Horizontal Diſtance from my Station to that Brow is only 29+: 
Poles, and that the height of that Brow above the Level line is 7-2£ 
Poles: But finding thus, that the Hypothenuſal being 39, the Baſe or 
level Line is but 29*-.., that is, leis by **.. z becauſe I would avoid 
this Fration, I add to the end of the forefaid meaſure of 30 Poles 
uponthe Level line, + of a Pole, and thenl may account my felt dif: * 
tant from the place in the Valley where I madeObſervation 30 Poles in 
aLevel or Horizontal Line, and ſo ſer downthediſtance without a Frac- 


tion; The like is to be underftood of all other Aicents and ——_ 
ere 
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Here followeth the Table. 


LL 'E 'F.. A. 

- 300 300 299 299 
2 600 600 $99 598 
3 900 899 598 895 
4 1200 1198 119% 1195 
5 1500 1498 1497 1494 

6 1799 1798 1796 1794 
7 2099 2097 2095 2093 
3 2398 2397 2394 2391 

9 2698 2696 2694 2690 
0 2998 2996 | 157 | 2993 2989 

I 10 10 10 10 

2 20 20 20 20 

7 4. 8 d, 9 d. Io d, 

I 298 297 296 295 
2 596 594 $92 590 
3 894 891 889 887 
4 1192 1188 rigs 1182 
$ 1489 1485 1481 1477 

6 1787 1782 1977 I772 
7 2085 2080 2074 2069 
8[ 2383 2377 2371 2364 

9 2680 2674 2667 2659 
0 2978 2971 | 2963 2954 
I I9 10 10 10 

2 20 20 20 20 


_ 
» «| OO OyqY aueaw rn n=l 
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L164 
1455S 
1746 
2038 
2329 
2620 
2911 

10 

I9 
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16 4.1 944.1 17d.173d.|18d.172 4.1 194.| 71 4d. | 204, [704 

1] 288 83] 287 83 | 285 93 | 284 98 | "282 | 103 
2| $75| 166] $74] 177] $570] 186] $48] 195 | 554 | 205 
z3| 865| 250 861] 254} 855] 279] SL] 294 | 846 308 
4 | 1153] 332] 1148 | 352| 1140] 371 | ings 391 | 1128 | gi 
5s | 1442| 413] 1434 | 438] 1425 | 453] 1418] 488 | 1410 | 513 
6| 1730] 49S| i721] $26|1711]} $55 | i702] 586 | 15gr | 616 
q | 2019 | $80| 2008 | 615 | 1997] 649 | 1986] 684 | 1973 | 719 
8 | 2307 | 663] 2296 | 703 |2282| 743| 2270| 782 | 2255 | 822 
9 | 2598 | 745 | 2583 | 751 | 2557, 835 | 2552| 880 | 2537 | 924 
10 | 2884 | 827] 2869 | 877|2853! 927 | 2835| 977 | 2819 | 1026 
1 10 3] 10 3| 3 -_ 3 | 2© 3 
2 20 $ 19 6 Ig 6 19 FW 6 

[22 41 694|224.; 684.1234. | 674. 244. | 65d. | 25 4. | 6s 
1] a80| 107] 278{ 112] 276 | 117, 274 | 122] 272| 127 

2| g60| 215] 556 | 224| 552| 234! 584 | 244| 544| 254 

3] 480| 322| 334 | 337| 828 | 351| 822 | 365| 816| 381 

4|1120| 429|i1i2 | 449 | 1104 | 458 | r0g6 | 488 | 1088 | go08 

$|1400| 537 | 1391 | 552| 1380 | 586| 1370 | 610] 1360 | 634 

6|1680| 645 | 1659 | 674 | 1656 | 703 | 1644 þ 732 | 1632 | 761 

7|1960| 752| 1947 | 786 | 1932 | 820 | 1918 | 854 | 1904 | $88 

812249| 860] 2225 | 899 | 2209 | 937 | 2192 | 976 | 2175 | rors 

9 |2521| 968] 2504 | rort | 2485 | 1054 2466 | 1098 | 2447 | 1142 

to | 2801 | 1075 | 2782 | 1124 | 2761 | 1172 | 2740 | 1220 | 2719 | 1268 
o-: 97 4&7 2 tt. FT 7-27-23 

aj. 7 18 8 13 $] us 8 13 | 8 


The Sca-man's Pzactice. 


314.59 4.132 4.| 584.| 334. 574. | 344. 155%. | 354 | 5,4. 
tx 257] 154] 254] 139] 252| 163] 249} 368 | 2465| 172 
2| $14| 309| 5o8| 318] $04| 326| 498 | 336 | 492| 344 
3| 773] 463] 763] 477] 755; 489] 747 | 524 | 738] $15 
4 | 1028 | 617|1017| 636 | 1007 | 653] $95 | 671 | g83| 688 
s | 1285| 772|1272| 795| 1258] 817} 1243 838 | 1228] $860 
6 | 1642] $27 [1525 | 954 | 1510 | g80 | 1492 [1005 | 1474] 1032 
9 | 1809 | Io81 |i780| 1113 1762 | 3144 | 1741 [1174 | 1720 | 1204 
8 | 2057 | 1235 | 2034 | 1272 | 2013 [1307 | 1990 | 1342 | I966 | 1377 
9 | 2314 | 1390 | 2288 | 1431 | 2265. | 1470 | 2238 | 1510 | 2212 | 1549 
10 | 2571 | 1545 | 2544 | 1590 | 2515 | 1634 | 2487 | 1677 | 2457 | 1721 
i HEN oO mn 0 v 1 T2. 
2 18 IO 16 IO 6 10 16 i2| 16 12 
36 d. | 54 d.| 37 4.| 534.1334. 524.1394. | 51 4. | 40 d. | go d. 
r| 243,] 176| 240] 130] 235, 185| 233 | 189 | 230 | 193 
2 | 485 | 352| 480] 360| 4721 370 | 465] 378 | 4560 | 386 
3| 729|-528| 720] $41] 709 '. 555 | 659g | $67 | 699 | 578 
4| 971 | 70s | 960] 721] 945 | 739| $32] 756 | g20 | 771 
s |1213| 881|1198} coz|1182' 9g23 | 1165 | 944 | 1149 | 964 
6 | 1455 | 157 | 1438 | 1082 | 1418 | 1108 | 1398 | 1133 | 1379 | 11g7 
7 | 16599 [1234 | 1578 | 1262 | 1554 | 1293 | 1531 | 1322 | 160g | 1350 
8 | 1942 | 1410 | 1918 | 1443 | 1890 | 1479 | 1865 | 1511 | 1839 | 1543 
9 | 2185 | 1585 | 2157 | 1624 | 2126 | 1663 | 2098 | 1700 | 2069 | 1735 
19 | 2427 | 1753 | 23965 | 1805 | 2354 | 1347 | 2331 | 1888 | 2298 | 1929 
I E701 "2 0 65 V3» v1 0 
| 06) 22 15 I2 16 | 12 bd 7-0 16] 102 
Y 
_ [414 |494|424-|484d.| 434. 1474.1 444. |454. (4541456 
14 226] 197| 223] 201| 219| 205| 215| 208| 212 | 212 
21 452| 394| 445| 402| 438} 410| 432| 4q16| 424 | 424 
3. 6793 | 591 | 66g] 603] 658] 514 | 648] 625 | 635 | 639 
4j $05 | 788 | &g2| 803] 878| 819| 864} 833 | 849 | 849 
5s {1132 | $984 | 1114 | 1co3 | 1097 | 1023 | 1079 | 1og2 | 1061 | 1051 
6 | 1358 | 1181 | 1337 | 1204 | 1316 | 1228 | 1295 | 1250 [1273 | 1273 
7 j 1584 | 1378} 1560 | 1406 | 1535 | 1433 | I511 | 1458 [1485 | 1455 
8 | 1810 | 1575 1783 | 1607 | 1754 | 1638 | 1727 | 1666 | 1597 | 2597 
9 | 2036 | 1772| 2006 | 1807 | 1974 | 1842 | 1943 | 1874 [1910 | I910 
MERLL LIL | 2229 42097 $2294 $ 20g6 [2259 | coke funegy WJ 
I g BE. 7 7 7] 7 7 - RE 
2 16 14 14 I4 14 14 14 14 I4 I4 
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The Strufture of the Table is from this Ground: 
As Radius is in proportion to the Diſtance of two places meaſiired in 
thzir Rhomb; ſo is the Sine of the Complement of rhat Rhomb, to the 
difference of the Latirude of the two places. 

And ſo is the Sine of the Rhomb, to the diſtance of the Mcridians 
of thoſe two Places. As admit I meaſure South-Eaſterly 20 deg. 300 
Poles, here then the Rhomb upon which I meaſure, making with the 
Meridian an Angle of 20 deg. I ay, 

ASRadius is in proportion 

to the Diſtance meaſured, 2300 Poles z 

So is the Sine Complement the Rhomb, S. E. 20 deg ———9.97299 


to the Difference of Latitude 281+? * fere, — 2.45011 


Whereby it appears, that the Diſtance of the Parallel of theſe two 
laces is 281-?: Poles; or that the place whereto I meaſure, is more 
Southerly than the place from whence I meaſured by 281-2: Poles. 
Now for the diſtance of their Meridians ſay, 
As Radius is in proportion | 
to the Diſtance meaſured 300 Poles, — 2.47719 
90 is the Sine of the Rhomb S. E. 20 deg. _—— —— —9.53405 


to their Diſtance in Longitude 102.4%5 n—_— O17 


Ch. Poles. 
28.19 


And thus I find the place whereunto I meaſured, is |= 

more Eaſterly than the place from which I meaſured, I 
by 102-4 Poles, and ſomewhat more. And in like 2 56.38 
ſort may be found all the other numbers expreſſed in 3 84.57 
this Table; but having thus found for every deg. to 4 112.76 
45 deg. two Numbers, the reſt may be deduced trom 5 140.95 
them, us is this Example : 300 Poles at three Poles [75 760.3 4 
to the Chain, is 100 Chains, or ten Changes; find- 7 197-33 
ing that in ten Changes upon this degree, the difference 8- 225.52 

3 

O 


Southerly is 281-2 Poles, it muſt be for five Chan- 253-71 
ges, which is juſt half ſo much by almoſt 141 ; and To 281.09 
tor one Change which is a tenth part, 28 --: fere, and am—— 
ſo for two Changes twice ſo much, that is 56+: ; for three Changes 
thrice ſo much, that is, the ſum of the two former, namely 84x; and 
ſo by Addition only you may find the reſt, as in this Table, which 1 
ſhall need to proſecute no further. And thus you may make it to the 
hundred or thouſand parts of a Pole ; but this for ordinary occahions, 
tor which it was at firſt intended, ay ſuffice. And according to _ 
2 "X- 


20 ; The S$a-man”s Pyactice, 
Exampte, it will be eaſy to frame the like Table for a Chaih of any 0- 
ther fize, or for any other Meaſure which you uſe. 


It may be _—_— that howſoever this Rule holds true in Plain Fri- 
angles yet the Triangles here uſed are neither Plain. nor Spherical , for 
a Plain Triangle is made of three right Lines, a Spherical of. three Ar- 
ches of great Circles : But in this the three fides are of ſeveral kinds, 
namely one fide in an Arch of the Meridian, and fo of a.great Cirde 
another an-Arch of a Parallel, and fo of a leſſer Circle; the third fide, 
or Hypothenuſal, being the Rhomb, is no-Arch of a Circle, but a Seg. 
ment of an Hel:ſpherical Line. 

But I anſwer, That notwithftanding this may be ſpeculatively con- 
ceived, and ſo demonſtrated to be no Plain Triangle ; yet in ſo ſmall 
Diſtances as theſe which here we uſe, there can be no ſenfible nor ſcarce 
any numerable Difterence. Yea, the diſtance between two Parallels by 
the Rhomb and Diſtance given (being the thing here chiefly aimed at) 
is very exally found by this Rule, as before we have ſhewed, and as is 
more fully demonſtrated by Mr. Wright, in the Tweljth Chapter of his 
Book, Of the Correition of Errors in Navigation. Whence we may con- 
clude, that the parts of the Meridian collected by this Table according 
16 the Rhombs and Diſtances, as we have belore-ſhewwed, do give the true 
Meaſure of the Segment of that Meridian intercepted between the Pa- 
rallels of the two Places propoſed. 


ELET I. 


Of the Difference of Longitude, Poſition, and Diſtance of York and 
London : And how the Maps of England may by this Experiment be 
reformed, eſpecially in the Latitude of Places. 


WW E come next to ſpeak of the Eaſterly and Weſterly Diſtances, 
gathered as betore is ſhewed by theſe Talles, and tofind there- 
by. the Difterence of Longitude : and of this we will give aa Example 
in the foreſaid Experiment: whereby we 514 that the Diſtance in Lon- 
gitude, or the Eaſt and Weſt Diſtance Lerween Tork and London, is near 
14000 Poles, London being ſo much more Eatierly than Jerk. And be- 
fore we have found thar in a Degree of the Meridian, and conſequent- 
ly in a Degree of the EquinoQtial, thete is near 3709+! Chains, of 6 

oles 
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Poles to the Chain; and theſe 14000 Poles convertzd in ſuch Chains, 
are 23333+ 

Which 23334 Chains, for finding the Difference of Longitude, are 
not to be reckoned in the Parallel of Tork, that being too much Norther- 
ly; neither in the Parallel of Loxdoz, being too much Southerly, but 
in a middle Parallel between both z namely, about the Laritude of 
52 deg. 45 min. Now to find what difterence of Longitude is anſwer- 
able to this 23334 Chains in the Parallel of 52 deg. 45 min.' Say, 


As Radius is in proportion 
to Sine Compl. the Latitude ſc. 52 deg. 45 min. 9.78197 
So in the Meaſure of a Degree in the Equinoctial 37097-1 2.56927 
to the Meaſure of a- Degree. in that Parallel 224575 23-25124 


2 
. 


And thus. we find that in the Parallel, whoſe Latitude is 52 deg. 45 
min. there are 2245-3. Chains anſwering to a Degree, whereby 1r aþp- 
pears that the Difference of Longitude berween 1ork and London, 1s 
more than one Degree. Ard to tind how much more, ſay again by 
the Rule of Proportion, 


As the Meaſure of a Degree 2245 ,.j ——-— Co. Ar. — 6.64876 

is toa Degree in ſeconds, 360c ——.56;0 

50 is the Meaſure given, 223333 — —}.;67 

to the Number of ſeconds, 3741— -- —— 2.57393 

Which reduced; is 1 deg. 2 min. 21 ſec. And thus we find thar 

London doth difter in Longitude from Terk 1 deg; 2 min. 21 ſec. being 
ſo much more Eaſterly. 


Thus having the Difference of Latitude,” as alſo the Difference of 
Longitude berwcen theſe two places, we may (according to the {e- 
cond Problem of ſailing by Mercator's Chart) find the Khomb trom 
London to Work to be 14 deg. 20 min. from the North to the Weſt- 
ward; that is North and by Weſt 3 deg. 5 min. Weſterly, and the 
Diſtance.in that Rhomb 9442 Chains. Bur their diſtance in the High- 
Way, by reaſon of the crookedneſs and unevenneſs: of it, was mae by 
about ap eighth part. 

And the like might bedone for other intermeditate places between theſe; 
but afteQing brevity, we paſs that over, as nor much pertinent to our 
preſent purpoſe; only expreſling th2 Laticudes of ſome of the principal 
them, . as tolloweth. 

AS 
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Latitudes 

deg. min 

As the Latitude of Tork, we fnd to be —— ET. 
Doncaſter, ——— ——— — 53 232 
Newark upon Trent — _ ——_— —— 5 

. Grantham, ee ===$42 24 
Stamford, — — ——— — 52 28 
Huntington, —__——I _—_— 1 
Royſton, = —_ — 
Ware, = (ncaa xnnne We nents Cen _—_—_ CR 
London, _— ——_—— — Fl 20 


We further noted in this Experiment, that howſoever the Numher 
of Miles between Ware and London, are almoſt the ſame by Eitimation 
that they are by meaſure; yet all the way befides from Jork toIVare, 
a meaſured Mile conliſting of 3 20 Poles, is but three quarters of a Mile, 
as the Miles lie by Eſtimation or common Account ; ſo that every where 
(tor the moſt part) three Miles by Eftimation make tour meaſured Miles; 
and a min. or the 60th part of a deg. is almoſt in the middle between 
them both. So that look how much a meaſured Mile is leſs than a 
min. ſo much, or ſomewhat more, is a Mile by Eſtimation greater than 
a min. for asthere is contained in a Degree of meaſured Miles 69! and 
ſomewhat more, as we have before ſhewed, ſo of our common eſtima- 
ted Miles, there are contained about 51+ in a Degree. 

Upon theſe grounds the whole Map of this Kingdom might be much 
rettifed, eſpecially in the Latitude of Places; for tho, we cannot hence 
determine certainly theLatirudes of any other places befides thoſe which 
were in the way, or at leaſt in fight as we came up, (the principal of 
which we have before noted ;) yet we may nearly conjeCture the Lat! 
tudes of molt parts of Eng/and, by their Diſtances and Pofitions from 
theſe : But theſe things being befides our ſcope and purpoſe in this pa 
we ſhall only compare the Latitude of ſome principal Places, probably 
gathered from this Experiment, with the Latitudes of rhe ſame places, 
as they are ſet down by Mr. Speed in his GeographicalDeſcriptions of 
England, that ſuch as pleaſe to examine both in any Particulars, may 
know to which they may moxe ſafely lean. 


Canterbury 


The Sea-man's Pzactice., 


oO 


29 
* 24 Latitude | Latir, by Latirude { Latic. by | 
by this | Mr Speed's by this | M- Spd's 
Exper. | Map, Exper. Map. 
+. JD. MDC IC D. M.[D. M 
Canterbury |51 17151 29 Northamptoni52 14|52 26 
Chicheſter [590 -48]150 5l Huntington |52 19|52 ' 44 
Guilford en i2151- 23 Stamford 52 38[53 04 
Wincheſter |51 oz[51 11 Leiceſter 52 4o[52 Gs 
Dorchefter |50 40|50 44 Lincoln 53 14153 5ol 
Exceſter 50 43150 48 Newark up- 
Wells et n2iFn3 22 on 1rent 3 c5|[53 38 
Salisbury 51 o4[51 12 Nottingham |\53 co[yg3 22 
Reading Fl 28|51 42 Derby 2 $8153. 30 
London gt 3oſ5l 45 Stafford 52 $2[53 22 
Colcheſter |51 58152 16 Shrewsbury |52 47|53 16 
ſ pſewich 52 08152 30 Cheſter $3 T6153 $2 
orwich $2. 42153 10 Lancaſter |54 1o|54 57 
Cambridge |52 12|52 22 York 3 5% 54. 44 
Hertford 5l- 49[52 ©6 Richmond in | 
Bedford 2 oB8|52 230 lork-ſhire |54 28 55 18 
Buckingham |52 co|52 20 Kingſton up- | 
Royſton 52 Oog152 24 on Hull |532 48 54 29 
Oxford 41 46|52 02 Doncaſter $3. 32 $6 i 
Glocefter ox . 436092 - 19 Durham 54 50 55 4&5 
Hereford 52 O7|52 27 Carliſle 55 00,55 55 
Worceſter 52 1452 +36 Newcaſtle |55 03}56 ol 
Warwick $2 :20192 4&8 Berwick 55 $4als7 03 | 


The Latiude of theſe places in the firſt Column expreſled, are ſuch as 


we probably gathered from rhis Experiment. 


But 1n the ſecond Co- 


lumn there are ſe: down the Latitudes of the fame places, as they are ex- 
reſſed by Mr. 70/7 Speed in his Map of England, and leaftthere ſhould 

any Miſtake in his Map, I have conferred thzſe Latirudes thence ga- 
thered, with the Latitudes of the ſame places, fet down by him in 
words at large, in his Deſcriptions of each ſeveral County, and tind 
them nearly to agrez, cxcept in the Latitude of Berwick, which in his 
Map he makes to be 57 deg. 3 m. Bur in his Hiſtorical Deſcription 
of Northumberland he relates it to be 55 deg. 48 min, Which laſt is 


much 
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much nearer the Truth, bur ſeems not to be his meaning; becauſe 
then heſhould make it moreSoutherly than Newceft/e, yea, more South- 
«ly than he doth Czr/ifle, which by his Map, and alſo by his words in 
his Relation of Cumberland, is in the Latitude of 55 deg. 56 min, 
whereas Berwick is above 50 Miles more Northerly. 

By theſe you may nearly conjetture the Laricudes of other parts of 
Erg/and, lying in or near the ſame Parallel with any of them ; And 
hence it alſo appears, that the difference of Latitude between Berwick, 
and the South Coaſt of Eng/and near Chrift-Church, is little more than 
5 deg. not 6 deg. and more, as ſome of our Maps make it. But theſe 
things we muſt leave, that we may jp to rhat which is principally 
intended, only we will firſt rouch a little upon the Uſe of the foregoing 
Table, in plotting - and ſurveying of Lane. 


Chap, V. To delineate the Plot of any Foreſt, Park, Common or 
other piece of Ground ; as alſo of Rivers, Harbours, &c. ſpee- 
dily and moſt exatily. 


Y Intent isnothere to proſecute at large the Plotting of Grounds, 
M beinga thing handled by others, treating of Szrvey:ng : Butcon- 
tidering the ways by them directed, and by others praiſed in deli- 
neating or laying down the Diſtances and Angles obſerved by the Cir- 
cumferentor, Theodolite, Perattor, or other graduated Inſtrument, are 
by a Protrafor, and that the Table before-going, or that which fol- 
loweth towards the end of this Treatiſe, ſerveth for that and the like 
- purpoſes, almoſt as ſpeedily, and far more exaQly, I ſhall crave leave 
to digreſs a little, to ſhew the Uſe of it as briefly as I may. There- 
fore paſſing over the Method to be uſed in ſetting down the Names of 
the Grounds, the Tenams, Borderers, and other remarkable things, lea- 
ving every Man in theſe to the ways wherein he is accuſtomed: You 
may (as ſometimes I do) make a Book in a long Ofavo, and upen the 
lett fide thereof ſet down ſuch things as theſe before iid reſer- 
ving every right fide, and dividing them by ruled Lines into fix Co- 
lumns, as hereafter following. appeareth. 

And having taken and ſet down your Notes in, the Field on the left 
ſides or pages of your Book, you may in the Evening, or next Morning 
before you go out, or when elſe your Occafions will permit, ſet down 
in the firſt Columns on the right fide, how many degrees rhe Lines up- 
on which you have traverſed, are diſtant from the North or South patt 


of the Meridian towards the Eaſt or Weſt; and in the ſecond iy 
the 


and parts of Poles. 
Asisthis Figure, ſuppoſe the 
'Line from A to B to bf direQ- 


ly Eaft, 7 Changes, that is, 7 
times 20 Poles, or 210 Poles. 
From B to C to the Eaſtwards 
of the Soutk 25 deg. 8 Chan- 
es, and 1 Chain; trom C to 

tothe Weſtwards of _ th 
22 deg. 5 Changes, and 4 
Chains: from*D to E to the 
Weſtwards of the South 82deg. 
10 Changes; fromE to F to 
the Eaſtwards of the North 25 
deg. 6( &s, 3 Chains, and 
two thirds of a Pole, and laſt- 
ly, from F to A, the place 
where [ firſt 


p< 3 Chains, 2: Poles. All theſe 1 
umns on the right fide, as hereafter 


Ae—— 
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- the quantity of the ſame Lines, in Changes, Chains, and fingle Poles, 


Ad. 


C 


| Degrees. |Diſtance. 


— wW——_ __— __—— — —C 


Eaſt. writH— 
South-eaſt, 25 MH 
South-weſt, 232/443 —_2 
South-weſt, W - 
North-eaſt, TE 


North. 


1474 


0074 
©0005 


South. 


1228 
0025 
1272 
0102 
0521 


1481 
oc8 
0025 


21481] 2148 


ER. 


2100 


0860 
OOI7 


1032 
0052 
0004 


4065 


25 


Fa 


to the Weſtwards of the North, 9 deg. 5 Chan- 
expreſs in the firſt and ſecond 


fol 


ollowing appeareth. 


D 
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Which done, I take-the Table, and find there the werthing endfonth 
ing, Eafting or Weſting anſwering to theſe Degrees and Diftances, and 
ſet them down accardingly. As for the firſt, being Eaſt 7 Changes, I ſer 
down in the Eaſt Cdlumn 210 Poles with a Cypher behind it. For the 
ſecond, being South-Eaſt 35 deg. I find in the Table for 5 Changes 1 228, 
to be ſet in the South Column, and 840 for the Eaſt Column, alſo up- 
on the ſame degree for 1 Chain, 25 for the South Column, and 17_ 
for the Eaſt Column; and fo I proceed with all thereft, rill I have finiſhed 

And being thus returned to my firſt Stgtion, I ſum up leverally theſe 
four Columns of North, South, Eaſt and Weſt ; and finding that the 
Sum of the North Column is equal to that of the South, and the Sum 
of the Eaſt is equal to that of the Weſt, I conclude the whole Work 
to be truly performed; whereas if there had been any difference, it 
had ſhewed an Error; and if that Difterence had been great, it had 
been neceſſary to examine theWork again, and ſo to correct it. 

It is uſual to add together all the Angles, and alſo to multiply two 
right Angles, or 180 deg. by the number of Angles lacking two; and 
it the Sum of the Angles added together, be equal to this produQ, the 
Work is thought to be true : As here, it we add the Inclinations and 
Reclinations of theſe Lines in this Figure, the Sum is 720 deg. or 
eight right Angles ; and if we multiply two right Angles by 4 (becauſe 
here are fix Angles) the ProduQt is alſo eight right Angles. But the 
other-by the Sums of the Columns, is a moſt abſolute way for exa 
mining the Truth of your Work, and to be preferred before any other 
that I know. 

It may ſeem very laborious to ſet down every Station in this manner, 
but one that is a little exerciſed in it, may, as I take it, (for I never 
obſerved the time exaAtly) ſet down 40 or 50 Stations in this manner, 
within the ſpace of an Hour, or thereahouts. Burl1 ſhould adviſe that 
it be done by two Men, having each a Table for that purpoſe, to avoid 
all Miſtakes. 

If your Inftrument give not the Angle with the Meridian exprelly, 
yet it may eafily be gathered thence ; or elſe you may divide a Cirde 
as your Ipftrument is divided,and number the Degrees as they are there 
numbred z which done, number them alſo trom rhe North and South 
part of the Meridian toward the Eaſt and Weſt, ſo ſhall you caily know 
the Angle of any Degree with the Meridian. 

Now to proceed, theſe Meaſures may te fet down in a Plot ſeveral 
ways. As firſt, conſidering which way the Ground lies, I rake a Folnt 
for my firſt Station, fo as the whole may fall conveniently within the 

F 
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Pot, which let be thePoint A, by which Point I draw a Meridian and 
Parallel, namely two right Lines interſeCting on? another at right An- 

es; whereof let N.S. be the Meridian running North and South, and 
31 the Parallel running Eaſt and Weſt : This done, I look to the 
'"Nbrth and Souch Columns, and there, firſt in th? South Column, and 

inſt the third Station, I find 125 2, thar is, 125+! Poles; this I ſet 

in the Meridian from A to the Southwards, and mark the Point with 
the Figure 2 then in the South Column againſt the fourth Station, I 
find: 1374, which I ſet in the M-Tidian from 3 to 4 alſo againſt the 
iſt Station I find 521, which I ſer in the Meridian from 4 to 5. Then 
zpainſt the fixth Station, I find in the North Column 1553, which I ſer 
in'the Meridian from 5 to 6 ; alſo againſt the ſeventh Station, which is 
the ſame with the firſt, I find 1595, which I ſet.in the Meridian from 
6, and it falls upon A, which is the firſt Station. And thus have 1 done 
with the South and North Columns. 

In like fort I expreſs 
theMeaſures in the Eaſt tri C 


and Weſt Columns in —_ 
the Parallel E. W. As 
finding firſt in the Eaſt þ 2 


Column 2100, I ſer it [2 4 
down from A to the Eaſt- 
wards, and it extends to 
B, where I ſet 2, ſigni- 
ing my ſecond Srati- 
0; I find next in the 
Eaſt Column 877, 
which I ſet down in that 
Parallel from 2 to 2 3 Mtg np nn cheto Ne 
next in\ the Weſt Co- 
lumn 859, which I ſer 
In that Parallel from 2 | 
to 4, and ſo I proceed 
withthe reſt. And hav- < 
ng thus ſet down the 
Meaſures in the Meridian and Parallel, we have alſo, as it falls out 
n this Example, two Stations expreſs'd; namely, A and B; now for 
the third, I take in the Parallel with my Compaſſes the diſtances A 2, 
and ſetting one foot in the Meridian at 2, I ftrike an Arch near C ; al- 
| lo taking in the Meridian the diſtance A 3, and fixing one Foot in the 
D 2 Parallel 
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Parallel at 2. I croſsthe forefaid Arch near C, the interſeQion of theſe 
two: Arches is the Point C, repreſenting the third Starion. 


In like ſort I proceed to find the Points D EF, for the fourth, fifth: 


and fixth Stations z then drawing Lines, namely, from the firſt Station 


A to the ſecond B, and from the ſecond to the third C, Ec. we ſhall 


deſcribe the Figure required, ABCD EF. 

Otherwiſe, whereas here you add and ſuhtratt the ſeveral Diſtances. 
of South and North, as alſo of —_ Weſt, by your Compaſſes, you 
may with a little more pains add and TubtraCt them by the Pen, which 
is the better way. AS having ſet down in the Meridian the Souther! 
Diſtance of the third Station 1 25 3, Iadd thereto 1374, which is agar 
the fourth Station, the Sum is 2527, the Southerly Diſtance of the | 
Station, which I ſet in the Meridian from A to 4. Again, to- this Ladd 
521, ſo-haveI 3148, the Southerly Diſtance of the fifth Station A 5, 
from which ſubtrafting 1553, the Northerly Diſtance ſet againſt the- 
fixth Station, there remains 1595, which is the Southerly Diſtance of 
the fixth Station, to be ſer in the Meridian from A to-6.. Laſtly from 
this abating the Northerly Diſtance of the.firſt Station, from rhe oy 
which I find there alſo ro be 1595, there remains o, ſhewing that | 
am returned to the ſame Pagpllel, or Eaſt and Weſt Line, in which at 
firſt I began. And in like ſort, you-may proceed with the Eaſt and 
Weſt Columns, and then by the interſection of two Arches, find every 
Station as before. Other ways might be precribed, which will-not be 
hard to find of your ſelf.. And as we may thus lay. down any irregular 
right-lined Figure far more exaQtly than by the Protrafor.: So when it 
is laid down after this manner, we: may caſt up-the Area or ſuperticial 
Quantity of it very exquifirly : Yea, if there ſhould be a. Plot drawn 
(according to the Angles and Diſtances here given) after the uſual man- 
ner; by a Scale fo large; that the Plot ſhould be an hundred times 
great as this ;- yet coutd not the Content thereof be caſt up ſo exatly 
and certainly as it may be here. But I muſt not infiſt upon theſe things, 
they may of themſelves be conceived, and my Intent is only to rouch 
them, that I be not prevented of Time, and by other Occaſions from 
handling thofe _ which I have.here more efpecially.intended. But 
as Thave ſaid, this Courſe is chiefly to be uſd in plotring large Grounds, 
and. there- indeed ate graduated Inſtruments eſpecially to be uſed , for 
ather ſmaller Grounds there is none. more. fit than the. Plain Tab/e.. 


Chap? 
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Chap. VI. Of the Compaſs of the Earth, and the Quantity of a Degree, 
according tothe moſt approved Experiments, Antient and Modern. 


OF? 


Lthough the Compaſs of the Earth hath bezn in ſome ſort-ob- 
A ſerved by divers of the Antients, yet for ſome of them we can- 
not certainly gather what Mcafures they uſed; others uſed no Meaſure 
at all, but aflumed the Diſtance of Places to be ſuch as it was eſtima- 
wc" Travellers to be, and likewiſe the Latitude; therefore it will be 

eſs to infiſt upon the Examination of their Obſervations: others 
| of them which were taken by meaſure, and which we may upon any 

ound reduce ro our Meaſures, are theſe which follow. Snellizs 
in his Book, intituled, Eratoſthenes Batauzx, cites Abel kedas a moſt 
diligent Arab:an Geographer, that lived about the Year of Chriſt 1222, 
- who records, that about the Year of Chriſt 827, certain Men, Skilfut 
in the Mathematicks, did, by the Commandment of their Prince A/ma- 
x01, meaſure in the Fields of Meſopotamia (as he gathers) under one 
and the ſame Meridian, from the North towards the South; the quan- 
tity of a Degree, and found it to be 56 Miles, or ſomewhat more. The 
Quantity of their Mile, according to A/phraganzs, was 4000 Cubits, 
or, 6000 Feet, whence the Quantity of a Degree ſhould' be 336000 
Feet; but of the length of their Foor, we are: ſomething uncerrain ? 
only they define it to be. ſo long as the extent of: 96 Barly Corns laid 
fide by fide, whereas the Rhyn/ard Foot, according to trial by him made, 
'i$ but the extent of 9o Corns laid in like -manner ; ſo that if there be. 
no inequality in the Grains, then 90 Arebian Feet are equal to 96 Rbyrr-* 
land Feet. But 96 Rbynrland Feet are found to be about 914 Engliſh 
Feet; therefore alſo by the Rule of Propggtion, 336000 Arabian Feet. 
do make of our Engit/h Feet 370222: SW according to this Experi- 
ment of the Arabiarns, a Degres ſhould contain 370222 of our Engliſh? 
Feet. And before we have tound by the Obſervations taken at Londor 
and Tork, and by the diſtance of their Parallels meafured, that a De- 
BY contains of our Engliſh Feet 367200. The difference is only 3022” 
eet, that is, about the; iz part of a Degree; or-half a Minute: 

He cites next A/hazen the Arabian, who in his Book de Crepuſculis, 
declares the Compaſs of the Earth to be 24000000 Paces; ſo'that pro- 
portionally there muſt be in one Degtee-665662 Paces; that is; 233332 
Arabian Feet. And feeing that 90 Arabian Feet make-of our Engh/h 

Feet 99-3 therefore by the Rule of proportion 333333 Arabian Feer, 
make of. our Engl1;h Feet 367283. - Sothat according:to ——_—__ 
ould. 
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ſhould be in a Degree 267283 of our Engliſh Feet, differing from the 
Experiment which I made only 83 Feet in a Degree. 

have not ſtrained theſe numbers to bring them to this nearnels, they 
are the {ame in effe& which are ſet down by Snellizs in his Eratoſtbenes 
Batavis, who with great Induſtry and Judgment hath compared the 
Meaſures of the Antients, and the Meaſures uſed by ſeveral Nations in 
theſe times, with the Rhyn/and Foot. Much leſs have I ſtrained my 
own Numbers to draw them up to theſe: Bur on the contrary, I con- 
teſs upon the fight of his Book, obſerving the great Pains and Indultry 
which he protelſeth himſelt to have beſtowed, and which I doubt not 
but he did imploy in making his Experiment, and how he had found 
the Meaſure of a Degree to be much leſs than mine, as we thall atter 
ſhew, I began to doubt that | had not made ſufficient allowance for 
the unevenneſs of the Ways, and for ſome ſmall Bendings, ſometimes 
to the Right-hand, ſometimes to the Left, the Obſervation whereof I 
lenny | — rapes to ſpare Time and Expence. For I did often ob- 
ſerve a Mile or two betore me, ſome mark in the High-way, noting 
the Degree and meaſuring to it in the Way, negletting ro obſerve the 
intermediate ſwervings oft the Way, ſometimes three or four Degrees 
towards the Right-hand, ſometimes as much to the Lefr; bur making 
ſuch allowance for that, and for the unevenneſs as I judged ſufficient. 
And ſome Men may think, that the exaCt Obſervation of theſe leſſer 
things thus neglected, and regulated only by Judgment or ConjeQture, 
might deceive me much : But they may conlider, That it there be two 
places a Mile diſtant, that is, in a right Line 320 Poles, if you mea- 
{ure from one of theſe places towards the other, not in that right Line, 
but always ſwerving from it by an Angle of tour degrees, ſometimes 
to the Right-hand, ſometimes, ro the Lett, till you come to that other 
Place; I ſay, rhat notwithMnding all theſe ſwervings (if there be no 
thing elſe to augment the Meaſure) it will not amount to 221. Now 
conſidering that! had all the way, as occaſion required, made ſuch al 
lowance as ſeemed convenient, and ſo found 267200 Feet in a Degree, 
before I compared it with the Meaſures taken by any other, I reſolved 
not to diminiſh nor to augment the Numbers thus arifing by my Ob- 
lervations, Meaſures, and Allowances, in 'reſpe& cf the Opinions, 
Obſervations, or Meaſures of any other Man, until there be made ſome 
Experiment more evident and exaQtthan any yer extant. And am ſfome- 
thing the more confirmed by the near Agreement of theſe two Teſti- 
monies before recited, both. exceeding me a little in the Meaſure of 2 
Degree. But we cannot confidently reſt upon them, becauſe of that 
inequality 
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inequality which may be of Corns or Grains; for theirs may haply be 
ſomewhat greater or leſſer than ours. 

Both theſe Meaſures of a Degree do much exceed the quantity of a 
Degree found by Sne/l:ws, bur when he compares them with his own an- 
other way, namely. placing the Barley-Corns ſo that they may not lie 
far, bur be ſet up edg-wiſ-, and {o by 96 Corns to make a Foot, and 
by ſuch Feet to meaſure a Degree; then he finds that the Quantity of a 
Degree, according to the A4r74%1ans, is much leſs than by his Experi- 
ment itſhould be: but if ſome be laid flar, and others ſet up edg-wile, 
the 4rabion meaſure of a Degree will agree with his. And ſo he pro- 

ſeth this doubt, Whether the 96 Grains, whereof the Arabian Foot 
doth conſiſt, mult lie flat or be ſet up edg-wiſe, or ſome of them to lie 
fat, and others to be ſetup edg-wiſe. Bur it is molt probable that they 
muſt lie flat, that being the Poſition which they are apr unto by Na- 
ture; they cannot be ſet edg-wiſe withour much trouble, eſpecially fo 
many together as make the lgngth of a Foot, and ſo the Arabian mea: 
ſure of a Degree doth nearly agree to this of mine. 

We come next to hear the determination of Pro/omy of Alexandria, 
whoſe Authoriry and Credit in the Solution of this Queſtion, is not in- 
kriour to any of the Antients. He affirms the Compaſs of the Earth 
to be 180200 Srad;ums, and the Quantity of a Degree 500 Studiums; 
the ſame (as Srrobo ſaith in his ſecond Book of wr) was before 
affirmed by Po/idonirzs. Alſo Marinus Tyrius (before Prolomy) had de- 
termined the Quantity of a Degree to be 500 Stadiums. Ptolomy con- 
fumed it, not fimply from their Relations, bur as it ſeems from his 
own Experience, and that by ſome Meaſures diligently taken : tor in 
the eleventh Chapter of the firſt Book of his Geography he hath theſe ]. 
words; Sed in hoc quoque rette ſentit, parign unam, qualium eſt Cir- 
culus maximus tricentorum ſexaginta, quingintain Terra conſtituere Stra- 
do, id enim confeſfis dimenſioribus confgawem exiftit. Alſo 1. 7. cap. 5. 
his ut pars una, ſeu grads unus —_— contineat Stradia, quemad- 
wodum ex diligentibis deprebenſum eft dimenſionibuus. Now a Stadium 
not only amongſt the Greeks, but, as appears by Yerodoti, amongſt 
all other Nations ot A/a, and in Egypt, did confalt of 600 Feet, there- 
tore a Degre-, according to Pro/omy, mult contain 300000 Feer. But 
the Fgyptian or Alexandrian Foot was much greater than our Foot, for, 
8 we have betore laid, the antient Roman Foot was greater than ours, 
and the Egyptian Foot was much greater than the Roman: For it is 
often teſtited by Hero Mechanicus, that five Alexandrian Feet make 
lx Roman Feet. And Mr. Sze/lizs hath very ingeniouſly gathered, 

both 
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both from Philander and other ways, that the Rhynland Foot is equal 
to the antient Roman Foot; therefore alſo five Alexandrian Feet are e- 
qual to fix Rhynland Feet : So that by the Rule of Proportion, 200000 
Alexandrian Feet, will make of Rhynland Feet 3600005. Bur by the 
ſize of our Engliſh Foot, which was ſent him from the Iron Standard 
in Guild-hatl, he finds it to contain but 968 fuch parts as the Rhyn- 
land contains 1000: So that 968 Rhynland Feet are _ to 1000 
Engliſh Feet, or 121 Rhynland Feet are equal to 125 Engliſh Feet. 
Theretore alſo by the Rule of Proportion, 352000 Rhynland Feet are 
equal to 371900 of our Engliſh Feet. Therefore according to Prolomy, 
there are contained in a Degree 371900 of our Engliſh Feet. But by 
our fore-mentioned Experiment made between Tor# and London, we 
find only 357200 Feet in a Degree, being leſs than Prolomy's by 4500 
Feet, that is, by x! part of a Degree, or 4 of a min. and little more. 

Fernelizs, a Modern Author and Learned Phyfitian, meaſuring the 
Way by the Revolutions of a Wheel, and the Laritudes by Obſervation, 
finds in a Degree 68 Italian Miles, and 96 Paces, the Pace which he u- 
ſed being more than 5 of ourEngliſh Feet. But becauſe he handled 
not the Problem exaQly, and is ſuſpefted by Sre/lizzr (though I think 
without cauſe) to have grounded his Concluſion rather upon theExpe- 
riment of the Arabians before ſet down, (wherewith it doth nearly a- 
gree) than upon his own, we will infift no longer upon it. 

We come 1n the laſt place to the Experiment of W:/{ebrordrs Snellins 
a Hollander, made in the Netherland: : about 20 Years paſt. We ſhall 
not necd to recite the Particulars of it, being extant at large in his Book 
betore-mentioned : But in concluſion, he finds in a Degree 342000 
Rhynland Feet. Now a Rhynland Foot (as he hath there ſhewed, com- 
paring both together) is greater than ours, and that in ſuch proportion, 
as 10290 is to 968, (and ſo much, or little more, it appears to be by 
that Model of the Rhynland bpot printed in his Book) therefore 968 
Rhynland Feet muſt make 1000 #f ours, and hence by the Rule of Pro- 
portion, 242000 Rhynland Feet will make of our EngliſhFeet 352306. 
So that there ſhould be in a Degree only 353306 Feer, which isleſs than 
we have tefore tound in a Degree by 13894 Feet, that is, by the , ? parts 
of a deg. or 24 min. and ſomething more. He was a Man doubtleſs 
of fingular Induſtry and Knowledg, and of much Exerciſe in the Mz- 
themaricks, and it may be as well experienced in this Particular, touch- 
ing the Geometrical Menſuration of Diſtances, and he hath beſtowed 
much Pains and Diligence in this Experiment, as by his Book appear- 


eth. But if he had by a Chain meaſured the - Diſtance of his two - 
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moſt Stations, (if the Ground would permit, which I ſuppoſe it would 
not) or at leaſt-wiſe if his meaſured Stations had been turther diſtant, 
| conceive he would have found a greater Diſtance in his rwo utmoſt 
Places of Obſervation. Burt it a Man, intending to find the Diſtance 
of two Places, meaſure only the --- part of that Diſtance, and by thar 
meaſured Line and the Angles, think to find their true Dift- 
ance z whether he doth it immediately trom the two meaſure4Stations, 
or mediately by help of others obſerved from them, he may eafily fall 
into ſome notable Error.. For tho the Problem be exaQly true in Ge- 
ometrical Demonſtrations, how ſmall ſoever the meaſure be, 'yer ir is 
not ſo in ſenſible and experimental PraCtices, by reaſon of the weak- 
neſs even of beſt Eye, and the imperteCtion of the Inſtruments them- 
ſelves, and in their uſe. And belides, that there were many Statians 
obliquely firuate, aMan cannot always hit the juſt middle of that Tur- 
ret, Steeple, or other Mark which he obſerves; neither when he comes 
i make his Station there, can he always place his Inſtrument Juſt at 
the concourſe of his tormer viſual Lines, by reaſon of other impedi- 
ments beſides the force of the Wind in ſuch eminent Places: and more- 
over, that amongſt ſo many Steeples as there are in ſome Towns, there 
2 Man may at ſometimes miſtake one for another. And if there ſhould 
happen no notable Error, by reaſon of any, or of all theſe Caſulties, 
yet may two Minutes, in the difference ot Latitude bf two Places be 
afily miſtaken, eſpecially being derived trom the Latitudes of the Pla- 
ces which are very rarely fer down true to a Minute. , 

If it beobjeCted, thatl mightas well be ſo much miſtaken in the diffe- 
rences of the Latitudes of Tork and London. 

I anſwer,it is not ſo likely, becauſe I had the opportunity of obſerv- 
ing the Summer Solſtial Altirude of the Sun in hoth places, wherein I had 
no neceſſary uſe of the Sun's Parallax nor RefraQion, nor of the Table 
of the Sun's Declinarion, any of which may cauſe more than a minute's 
Error in finding the Latitude of cichE#Place. 

Belides, It mine Error jn thoſe Obſervations ſhould be full as much. 
yet would it notin theConclufion be halt ſo much, becauſe the Difte- 
rence in Latitude of the rwo Places of my Obſervation is more than 
twice 10 much as that of his. 

Aboutthe Year 1572, Monſieur Picart publiſhed an Account in French, 
concerning the Meaſure of the Earth, a Breviate whereof may be ſeen in 
the Phi/a/ophical Tranſattions, Num. 112, wherein he concludes ore 

gree ro contain 363184 Engliſh Feet, neatly agreeing ro Mr. Nor- 

woed's Experiment. E 
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But let this ſuffice, leaving every Man to embrace that which he ſhall 
beſt approve. Both our Experiments do ſufficiently convince that com- 
mon Error of counting only 300090 Engliſh Feet to a Degree, beſides 
the conſent of other Obſervations betore-recited, Antient and Modern, 
- Mr. Snellizs hath further in that Book of his, with much diligence 

compar ſome Antient Meaſures as alſo the Meaſures of ſundry Foreign 
Countries, with the Rhyz/axd-Foot z and amongſt the reſt, our Eng- 
liſh Foot, according to a Size thereof to him ſent. from the Standard 
in G«i/d-hall, (from whence alſo I had about. 20 Years the fize 
of that Foot which I have uſed in this meaſure) we not not need 
to repeat themall, becauſe his Book is extant: Some of them are theſe 
following, which we here compare to our Engliſh Foot, as he hath 
there done to the Rhyzland, that ſo any of them may be the more ea- 
fily reduced into our Feer. - Therefore dividing: the Engliſh Foot into 
1000 equal Parts, we ſhew how many of thoſe Parts are contained in 
other Antient and Foreign Feet. - 


Antient Feet compared with our Engliſh Foot. 


Of ſuch Parts as the Engi/h Foot contains ——y-- = 1007 
 \Antient Roman foot Contains —= ———— — ———1Cc33 
| Antient Greek-foot contains 


— — 1c 


1 Babylonian-toot cantains= ——— ——— 
Þ Ale xandrian-toot contains = ——— 4 
14 Amnochianfoot contains _— - mm— 
| | Arabian-oot contains ——— ———c 
' 5 Rhynland-Foot contains — x 
| Dort-FOOt CONtAINS—— — — — ——— — 10 
The * Mzddleburg-Foot contains n—_ — __ 
| Amſterdam-Foot contains——=— —— 934 

| Antwerp-FOOt CONtainS — —— ———————— 99 , 
Lovain-Foot Contains =— — — u=_ gg 
. | Hafnian-Foot in Denmark contains — — 965 
Parss-Foot called the' King's Foot, contains —— 1090 
 Venice-Foot Contains — — 
Toledo-Foot contains — — — "896 


Norimburg-FOOt CONtainNS—— —— =—_ — — 1c 

_Scarsburgh-FO0t COntains — — — ———— 920 

Chap. VII. Of dwviding the Log-Line, and reckoning tbe Ship's Way. | 
HERE be four things upon which the PraCtice of Navigation 1s 


$ <ſpecially grounded, namely, the Knowledg of the Longitude, 
Latitude 
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Latitude, Courfe and Diſtance. Touching the Longitude, tho it may be 
found by the other three, yet hitherto there hath not been delivered any 
general Rule true, and praQticable, whereby the Longitudes of Places 
might be immediately and ordinarily found of themſelves. The Latitude 
_ Pics may immediately be found by Obſervation of the Sun and 
Stars, as we have formerly ſhewed in the Appendix to the” Do@rine of 
Triangles : The Courle by the Compaſs, the Variation being duly ob- 
ſerved, wherein we have many good Mariners very expert, this we 
have alſo handled in the Dotfrine of Spherical Triangles. The Diſtance 
run, is found of it ſelf by the Log-/e, whereof we are here to ſpeak. 
The ground of finding the Dittance run by the Log-line is meerly 
conjeftural, being founded upon this Opinion, That 5 of our Feet make 
2 Pace, ahd 1000 ſuch Paces make a Mile, and that 60 ſuch Miles 
make a Degree; ſo that a Degree ſhould contain 300000 of our 
Feer. But it appears not only by this Experiment, bur even by all others 
that were diligently taken, and their 'meafures to us known, that there 
isa greater number of our Feet contained in a 
There be three things (as I conceive) that have cauſed this Error to 
be ſo commonly received and tolerated. The one, for that it doth 
ſomewhat counterpoiſe another contrary Error in the PraQtice-of Navi- 
gation, namely, in the uſg of the P/ain Chart ; for the Error which is 
there commirted by making every Parallel equal to the EquinoQtial, and 
ſoevery Degree in them greater than they ſhould be, is ſomething mo- 
derated by this Error ; whereby the meaſure of a Degree is eſteemed 
le& than indeed it is. For inſtance; Itisevident by the Globe, that the 
Meridians concurring in the Poles grow nearer and nearer together, as 
they grow towards the Poles ; inſomuch, as it two Meridians be diſtane 
in the EquinoQtial 10 Degrees, that is 600 Miles, the ſame Meridians 
n the Latitude of 25 deg, will be diſtant little more than 490 Miles. 
Now if unto every Mile we account according to the former Experi- 
ment, 612c Feet, then is the diſtance of thoſe two Meridians in that 
el near 3000000 Feet. In like fort the Plain Chart, 19 deg. of 
that Parallel (as of all others) is made equal to 10 deg. of the Equi- 
nettial or Meridian ; fo that the diſtance of theſe two Meridians will 
upon the Plain Chart be 60@ Mes, bur one of theſe Miles contain on- 
ly 5000 Feer, ſo that the diſtance is but 3000000 Feet, equal tothe for: 
mer. And although theſe Errors in other caſes do not juſtly ballance 
one another, as in this Example, yer that of ther P/ain Chart is always 


ing moderated by this other, aud ſo much the more, by how 
much they are nearer to the foreſaid Laritude. 1 grant that this 1s oy 
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{o when the Courſe is near unto the Eaſt or Weſt Points; but withal, I 
ſay, that this kind of Reckoning is (in a manner ) then only uſed: For 
he that runs any Courſe near the Meridian Southerly or Nene, hath 
2 more certain way of reckoning, namely his Latitnde, which he finds 
daily by the Obſervation of the Sun and Stars, upon which he will de- 
pend, either negleQting, or at leaſt not regarding his Dead reckoning. 
Yea, (it may be) never caſting the Log ſo muah as once in ſuch a Voy. 
age, having a more ſure ground for his Reckoning. But in a Courſe 
that is near Eaft and Welt, (toraimuch as there is no _ diſcovered 
for finding the Longitude) he is driven of neceſſity to make uſe of his 
Dead-reckoning, 

We might add moreover, that the principal Voyages of this kind, I 
mean of thoſe which conſiſt of Courſes much Eaſterly and Weſterly, as 
to and from the Weſt-Indies, and the Parallel of Cape bon Eſperance, 
are near unto this Latitude of 25 deg. ſo that ſome of them are more 
Sovitherly, others of them are more Northerly. 

But to inſiſt no longer upon this, 1 ſuppoſe a ſecond Cauſe to be, 
for that Men commonly defire to have theirReckoning before their Ship, 
(as they ſay) that they fall not with a Place before they look for it: And 
this comes to paſs, whilſt the Miles are accounted leſs in meaſure, and 
ſo more in number than they are indeed. 

And thus, there may ſeem to be Tome Commodity in theſe 
Errors ject they do nearly ballance one another yet becauſe 

hey ſeldom do fo, but always leave Men in Uncertainties; and often 
rimes in great Perplexity and Danger, it is much ſafer and better to rc- 
jJeQt them both, and to embrace thoſe ways which are evidently ground; 
ed upon Truth, though there may be in them ſome more Aifficulry at 
the YetI confeſs, that he which reforms one and not another may 
fometimes err ſo much the more thereby. And I douht not, but many 
would reform them both, if they could certainly do ſo. 

Thereforea third Cauſe of admitting and retaining this Error ſeems 
to be, for that there hath been no Way delivered from evident and cer- 
tain Grounds for the reftifying of it.. I doubt not but many have found 
Errors in their .Reckonings, ariſing from hence, that they account only 
300Cco of our Feet to a Degree; but not knowing certainly where to 
lay the Fault, have _— it ſometimes to ill Steerage, otherwhiles - 
to the variation of the Needle, ſome miſtake in their Reckonings, or to 
ſome Errors in their Plots, or to ſome Current, or ſuch other Accident, 
and ſo the Errar hath reſted unreformed. Wherefore although the pra- 
Qical performance of this Problem for finding the Circumterence « = 
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Farth, or the Quantity of a Degree on the ſame, have many ſingular 
Lies which I cannot now touch , yet that which amongſt rhe reſt 1 
chiefly aimed at, was, that he might have a more ſure and evident ground 
for dividing the Log-/ine, and for reckoning the Ship's way or diſtance 
run more truly upon any Khomb, or Point of the Compals, than formerly. 
And now to apply it to this purpoſe ; we have noted betore (Chap. 
2) that by the Experiment there expreſled, we find in a Degree on the 
Circumference of the Earth and $e2,367 2c0 of our Engliſh Feer, where- 
fore retaining till the ſame Diviſion of a Degree into 60 Miles, or 20 
(as hath been tormerly uſed) a Mile will contain 6120 Feer, 

or 1020 Fathom : and ſo a League contains 18360 Feet, or 2060 F4. 
thom: for dividing 367200 by 60, the Quotient is £120, E7c. Thus 


then 60 Miles being a every Mile is 6120 Feet. 
Now ſuppoſing the Time of the running out of the Lyog-Line tobe 
meaſured by a half-minute GlaG, if we how many Feet or Fa-, 


thom ſhe runs in half a Minute, we may.thereby find her way for 
an hour, or 4 hours, or for any other time propoſed. 

As, admit there runs out of the Log-line in half a minute's ſpace 51 
Feet, or 8; Fathoms, and poeagrner know what way the Ship makes 
every Hour after the ſame Rate: ſay by the Rule of Proportion. 

If oz Minute gives 51'Feet, what give 60 Minutes? Or, 

If x Minute S 102 ou what «mh 60 Minutes? 

And fo multiplying, you' ſhall find 6120 Feet, which is one Mile: 
Or, if you would find her way for 4 hours, which is 240 Minutes, fy, 

As 1 Minute is ifi proportion to 240 Minutes , 
So are 102 Feet to 24480 Feet, or 4 Miles. 
Or if you would have-it -in Fathoms ; ſay, 


_ As 1 Minute is in-proportion to 240 Minutes , 

So is 15 Fathoms to 4080 Fathoms, the Ship's way in four Hours. 

The like is to be conceived, if your Glaſs be for any other 
of time above or under half a Mibure. | : + 750 
© cm have Songs can _ Way which the Ship maketh, may be 
£nOWn tO an ea-man by- as fay) that i Con- 
jeture, which Opinion makes [aquired ie of the >4 leſt 
they ſhould be accounted young Sea-men. But as he that rides of- 
ten, will have ſome near gueſs how far the pace he rides. will carry 
him in an Hour (becauſe he hath often-obſerved it_ formerly; ) ſo be 
which hath often ſailed, and kept an account of the Ship's way by the 
Lg, will be able to give ſome near eſtimate of her way vb the 
Log. 
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Log. But it is incident to ſome Men to have {uch a conceit of this their 
Eſtimate, that they think it more certain than the Rule it ſelf from 
whence ir is derived, eſpecially if it chance to anſwer their expeQation 
at ſome times. Iris thought alſo that the Ship's way may be known by 
rwo marks on the Ship's fide. Bur this is doubtleſs very uncertain both 
by reaſon of the ſhortneſs of the Time, and in reſpett of the dead Wa- 
ter (as they call it) by the Ship's fide. For the Water which is near 
the Ship, 1s drawn along with the Ship in her motion, and fo much 
the more, by how much it 15 nearer. 

Bur if any defire to make trial of this way, it is to be confidered, 
that 17 Foot is 44+ part of a Mile, and 10 ſec. of a minute is ;+4, 
of an Hour: Therefore if there be two marks on the Ship's fide Aiſtane 
17 Feet, if theShip run the diſfanee of theſe two marks in 10 ſec. ſhg 
runs a Mile in an Hour, it in 5 fec. two Miles an Hour, if ſhe runs that 
diſtancein 2 ſec. ſheruns 5 Miles in an Hour. And fo always dividing 
10 ſec. by the number of ſec. in which the Ship runs that Diſtance, the 
Quorient ſhews the miles and parts of a mile run in an Hour. 

But if the Diſtance of thoſe two marks be 24 Feet, if the runs it in 
20 ſec. it is after a mile an Hour, if in 10 ſec. two miles an Hour; if 
in 5 ſec. four miles an Hour : and fo always dividing 20 ſec. by the 
number of ſeconds, in which the Ship runs that Diſtance, the Quotient 
ſhews how many miles the ſhip runs in an Hour. As if rtheShip run 
that Diſtance of 34 Feet in 8 ſec. then dividing 20 by 8, the Quotient 
is 22; ſhewing that ſhe runs 25 miles in an Hour. Or, if you can con- 
veniently make'the Diſtance of the two marks'on the Ship's fide to 
be 51 Feet, (for the further they are diſtant, the better) then if the Ship 
run that Diſtance in 30 ſec. it is a mile an Hour, if in 10 ſec. it is 3 
Miles an Hour, and ſo always dividing 20 ſec. by the number of ſe- 
conds, in which the Ship is running that Diſtance, the Quotient ſhews 
after that rate how many miles the Ship runs in an Hour. 

Otherwiſe you may do thus: Divide 17 Feet jnto 10 parts, and ſet 
as many of thoſe = or on the Ship'sfide as conveniently you may, which 
according to the Ship's length will be more or fewer. Then when the 
Ship runs one of thole parts in a ſec. of time, it is a mile an Hour. When 
two, it is two Miles an hour; when five, ir is five miles an hour. And 
ingeneral, it you divide the number of Parts run by the Time of running 
accounted in fec. the Quotient ſhews what number of miles after that 
rate are run in an Hour. As if ſhe run 20 of thoſe parrs in five ſeconds, 
it is fix miles an Hour, for dividing 30 by 5, the Quotient is 6; 10 
the run forty rwo of thoſe parts in 10 ſeconds, dividing 42 by —_— 

u0- 
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Quotient is 4 -?, , which ſheweth the Ship's way at that time to be 
after the rate of four miles and two tenths of a mile in an Hour. 

Bur for keeping this Account of Time, it may be done either by a 
Sand-glaſs for that purpoſe, or by pronouncing certain words or num- 
bers: as the time wherein a Man tells twice 60 pronouncing every num- 
ber as faſt as he can conveniently and diſtinaly, is abour a Minute ; 
ſo that the time wherein a Man is numbring 60, is halt a minute, cr 
20 ſeconds; and whilſt a Man is numbring two (as one and twenty, 
two and twenty) is a ſecond ; and ſo whilſt a Man is numbriug from 
yoy to thirty, is five ſeconds; from twenty to forty ten ſeconds, 
&c. But in numbring from one to twenty, you may obſerve the ſame 
Times as in numbring from one and twenty to torty, and this will not 
be hard to do ; for whilft a Man pronounceth one and twenty, rwo and 


- twenty, three and twenty, &. there remains a certain Imprefhon in 


the Fantaſy, whereby a Man is able in the ſame time to pronounce 
one, two, three, ©. And altho? this Rule of numbring twice 60 for 
a minute's ſpace, be not general to all Men, becauſe ſome are {wifter" 
or flower in their Pronunciation than others , yet after this Example, a 
Man making Trial, may frame a Rule to himſelf, whereby he may 
come ſomewhat near the Truth. 

But leaving theſe, we come to the Diviſion of the Log-/zne, accor-- 
_y the half minute Glaſs, which is more uſual and certain. And 
contidering that half a minute is of an Hour the x; part, therefore the 
Ship's way running 51 Feet in half a minute, is a Mile an Hour; if ſhe 
runs twice ſo much, that is, 102 Feet in half a minute, it is two miles 
an Hour, if thrice ſo much, it is three miles an Hour: And in general, 
how many times 51 Feet ſhe runs in half a minute, ſo many miles is 
her way for an Hour. Therefore leaving half a ſcore Fathom, or more, 
trom the Log, that ſo it may be out of the Eddy of the Ship's wake, 
before you begin to account or turn the Glaſs; if there you make a 
mark for the beginning, and ſo 51 Feet from thence a mark of one 
Knot, and. 51 Feet further a mark of two Knots, and 51 Feet further 
(that is 153 Feer from your firſt mark) another mark of three Knots; 


| and fo proceeding, look how many Knots are veered out in half a mi- 


nute, ſo many miles is the Ship's way for an Hour. Now for that which 
is veered out more above the juſt meaſure of a Knot or Knots, you may 
allow for every 5 Feet the tenth part of a mile almoſt. As admit ſhe. 
uns 5 Knots and 25 Feet in half a minute ; then is her way according - 
tO 57, or 5 miles and a half in an-Hour ; if 6 Knots and 10 Feet, it is 
674 miles in-an Hour, Ec. : 
ut 
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But according to the common Opinion of 50co Feet toa mile, and 
60 tuch miles to a Degree, there ſhould be ſomething leſs than 7 Fa- 
thom, namely, 412 Feer to a Knot. 

And although he which veers the Log-/i7e be caretul to-overhale it ſo 
{lack, that it may not draw torward the Log, yet (no doubr)-it doth 
loſe tome way, following the Ship a little as ir is drawn by the Line, and 
withal by the Eddy of rhe Ship's wake, and ſometimes alſo is caſt for. 
wards by the Wind and Waves, when they come after the Ship: .ſo that 
tor thele Cauſes, it is like, there may ſometimes be allowed three or 
tour Fathom more than is veered out ; bur this, (as a thing mutable 
and uncertain) being ſometimes more, ſomerimes leſs, cannot be brought 
to any-certain Rule, but ſuch allowance may be made tor it as a Man 
in his Experience and Diſcretion ſhall think fit. 

It you would divide the Log-/rne 1o as it might give the Ship's way 
in Centeſms, or the hundreth part of a Degree, and fit it to a half mi- 
nute Glaſs ; Then ſeeing the hundredth part of a Degree is 3672 Feet, 

* and the +1, part thereof ts 304 Feet; if you begin at theMark at which 
you mean to turn the Glaſs, and meaſure trom thence 30 Feerand three 
fifth parts of a Foot, you may there place 1 Knot; and thence again 
meaſuring 20 Feet, and three fifth parts of a Foot, there place rwo 
Knots; and ſo proceeding at theend of every 30 Feer and three fifths, 
adding a Knot, the number of Knots which run out in half a Minute, 
is the number of Cente/ms which the Ship runs in an Hour. As fup- 
pole there run out 10 Knots in halt a Minute, then the Ship's way is 
according to 10 Cente/ms of a Degree in an Hour, that is, the tenth part 
of a Degree, or 6 Miles. And fo every 3 Foot above the juſt me 
ſure of Knots, is near the tenth part of a Cenreſm, or of the thouſandth 
part of a Degree. As it there run out of the Log-/:7e 5 Knots and 12 
Feet, then the Ship's way for an Hour is 5 Cenre/ms, andtour tenth parts 
of a Centeſm. and the like is tobe underſtood of others. 

And after the torm of theſe Examples you may divide the Log-/ine 
tor any other quantity of time, more or leſs than halt a Minutes, or tot 
any other parts of a Degree propoſed. 

Thus have we handled the Diviſion of the Log-/ine. according to the 
Meaſures before found of 3672co Engliſh Feer in a Degre:. Bur be- 
cauſe (as I have betore ſhewed) the Ship's wav is commonly more than 
by the .Log-/ine it appears to be, and every Man Cefires to have his 
Reckoning ſomething before his Ship, thar he fall rot with a Place un- 
expetted ; for theſe and ſuch other cauſes, and tor thz Rotundity of the 
cumter, if any Man think it more fate and convenient in Sea Reckon- 
ings, 
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ings, he may abate one in 51, and fo aftign to a Degtee only 262000 
Feet, and conſequently ro a Mile 6000 Engliſh Feet. 

And upon this ground, if in halt a Minute there run out 50 Feet of 
the Log-/ine, it isa Milean Hour , and ſoit 1co Feet run out ina Minute. 

For, as 1 minute is in proportion to 60 Min. $0 is 1co Feet to 6000. 

And fo foraſmuch as 25 Feet is +4 part of a Mile, and 15 ſeconds is al- 
ſo ,4. part of an Hour: Therefore it there be two Marks on the Ship's 
fide diſtant 25 Feet, if the Ship run the Diſtance of theſe rwo marks 
in 15 ſeconds, it is atter the rate of a Mile an Hour, if in 5 ſeconds, it 
is 2 Miles an Hour, and fo always dividing 15 ſeconds by the number 
of ſeconds in which the Ship runs that diſtance, the Quotient ſheweth 
the Miles and part of a Mile run in an Hour. But if the diſtance of 
theſe two marks be 50 Foot, and then it ſhe-run ir in 30 ſeconds, or 
half a Minute, it is a Mile an Hour; if in 10 ſeconds, three Miles an 
Hour if in 5 ſeconds, fix Miles an Hour (for 30 divided by 5, the Quo- 
is 6.) And ſo always dividing 2c ſeconds by the number of ſeconds, 
in which the Ship runs that Diſtance ; the Quotient ſhews how many 
Miles ſhe runs in an Hour, Cc. 

Otherwiſe, if you make a Mark on the Ship's fide at every 20 Inches, 
then when the Ship runs one of theſe parts in a ſecond of Time, it is a 
Mile an Hour ; when five, it is five Miles an Hour, it ſhe run eighteen 
of theſe parts in three ſeconds, it is fix Miles an Hour : For dividing 18 
by 3, the Quotient is 6. Az in general, if you divide the number of 
the parts run, by the number of ſeconds ſpent in running, the Quotient 
ſhews the Ship's way in Miles for an Hour. 

But for dividing the Log-/:ne according to this ground of 6000 Feet 
in a Mile,if you intend to uſe it with a halt-minute Glaſs, then becauſe 
half a minute is ; part of an Hour, and 56 Feet is alſo the +: part 
of a Mile; therefore when the Ship runs 50 Feet in half a minute, her 
way is after the rate of a Mile an Hour ; it 1co Feet in half a minute, 
It is two Miles an Hour, &7<c. 

Therefore halt a ſcore Fathom or more from the Log, you may make 
a Mark, and beginning from thence, meaſure 50 Feet, and there make 
the firſt Knot, and 50 Feet farther two Knots, and 50 Feet tarther three 
Knots : And ſo proceeding, look how many Knots are run our in half 
4 minute, ſo many miles is the Ship's way for an Hour: and every 5 
Feet more beſides the Knots, is a teath part of a mile; as if there run 
out 6 Knots and 20 Feet in a halt minute, the Ship's way is atter the 
rate of 6;.4 miles in an hour, &c. 

And ſo it the Glaſs were tor any other time more or le1s than halt 
d 
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a minute, you may make the Diſtance of your Knots proportional: Ag 
if it were for 20 ſeconds, then becauſe 20 ſeconds are of an Hour the 4, 
part, I divide a mile, which is 6000 Feer, by 180, and the Quotient 
1533+; therefore there muſt be a Knot at every 33 Feet and 4 Inches: 

If your Glaſs be 36 ſeconds, which is +7, part of an Hour, divide 
6009 by 100, the Quotient is 60; ſhewing that there muſt be 60 Feer 
to every Knot; and then every 6 Foot over and above the Knots is a 
tenth part of a mile more. 

And fo it is better that your Glaſs be more than half a minute, rather 
than leſs; and the more the better, provided that there run our no more 
Line than you may hale in again, without danger of breaking. 


Laſtly; If you would ſo divide the Leg-/ine, that it might ſhew the | 


Ship's way in Cente/ms of a Degree, and fit it to an halt-minute Glaſs: 
Then foraſmnch as the hundredth part of a Degree is 3600 Feet, and 
the +: part thereof is 30 Feet; therefore beginning at the mark where: 
at you intend to turn the Glaſs, meaſure from thence 30 Feet, and there 
make one Knot, and at 30 Feet farther two Knots, E7c. Then look 
how many Knots run out in halt a Minute, ſo many Cente/ms of a De- 
gree is the Ship's way for an Hour. And 1o it the Glaſs be 36 ſeconds, 
then every Knot muſt have 36 Feet, Ec. 

Now if a Man failing between any two places which lie near Eaſt and 
Weſt one from another, have kept his Reckoning by Courſe and Diſt- 
ance, uſing a Log-/:ne 10 divided, that ithave a Knot at every 7 Fathom, 


(as many do) and would reduce the Diſtance of thoſe two places fo - 


tound, to their Diſtance in ſuch miles, as theſe of 60 to a Degree, each 
containing (as we have ſaid) 6020 Feet; the proportion in number of 
thoſe to theſe, is as 6 to 5, for fix of them make five of theſe. 

As, admit a Man in his dead Reckoning, ufing ſuch a Log-/ine as 
hath a Knor at every 7 Fathom, and tor every Knot running out in 
halt a minute, he accounts the Ship's way tobe ſo many miles an Hour; 
and according to ſuch a Reckoning, ſuppoſe he finds the Diſtance of two 
places to be 1224 Miles, or 408 Leagues, -and would know the Diſt- 
ance of the ſame places in Miles of 6000 Feet to a Mile, which is ac- 
cordsng to a Log-/ine that hath a Knot at every 50 Feet. Say then by 
the Rule, of Proportion : 


As the Number 6 — -——- — R C3. ar. 922185 
iS IN ProOPortionto 5 3 — —— 0.69897 
So is the Numter of Miles given, 1224 = — 2.08778 
to the Number of J1/es required, 1020————--- —— 3.0860 


Which 1920 is the Diſtance of thoſe two places, in ſuch miles where: 
0 
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of 60 make a Degree. Or to find the ſame in Leagues the Proportion 
is: A$6 to 5, 10 is 408 Leagues to 340 Leagues. 

And thus may the Diſtance of places be tound in ſuch miles, whereof 
60 make a Degree,eſpecially if with the Diſtances expretied in the Plain 
Chart, you compare the Reckonings of ſome skiltul Mariners that have 
failed trom the one to the, other. But thus to endeavour a Reformation 
of the Plain Chart, were a Labour to little purpoſe; for there the cor- 
recting of the true fituation of two places, in reſpect of one another, is 
ofrentimes an occaſion that the ſame places are the more fally ficuate 
in teſpect ot others. Like as it there were two places 8 Miles diſtane, 
and it were required to place a third three Miles trom either ot them 
here, it we ſer the third in the middle, it will be four Miles diftant 
trom eithcr : Bur it (attempting to mend that Error) we make the third 
to be three Miles trom the firſt, then will it be five Miles from the ſe- 
cond. ' And thus unavoidably, the mending of the one is the marting 
of the other, becaule the thing propoled is not poſfible. 

And ſuch is the Error of the plain or common Sea-Chart, repreſent- 
ing the Earth and Sca, not as a Spherical, but as a Plain Superticies ; 
not as it the Mceridians did concur in the Poles, but as it they were al-, 
ways parallel one to another. So that the Graduation and ProjeCtion be- 
ing ſuch, the Situations and Diſtances ot places cannot be generally and 
truly exprefied therein. 

But the Graduation and Projection of Mercator's Chart.agreeing with- 
out ſenſible Error with the Globe, there may in that be deicribed all 
or any parts of the World, according to their Longirudes, Latirudes, 
Courſes, and Diſtances, as truly, and tar more conveniently tor the 
Mariner's uſe,than upon the Globe ir ſelf; and upon ſuch a Chart ſo de- 
{cribed, a Reckoning may te rruly kepr, and any Error committed may 
eafily be diſcerned and amended. Whereas on the P/ain Chart, it a 
Man find his Reckoning to diſagree, he is ſo far from knowing how to 
amend it, that he can ſeldom conjecture where the fault was. 

The neglect and want of theſe Charts hath been, and is a great Im- 
pertetion in Navigation and Geography, For howloever there be ſome 
which do gaily {ct torth torfale, Maps of the World, and of the parts 
thereof, according to this ProjeCtion ; yet to have them truly ſuch, and 
fit for Navigaticn, requires in the Author or Maker of them good Know: 
ledge, and ſome competent abiliry of his own, or Aid from 0cners, 
With a greater love to Truth, than to his own Profit ; which may induce 
him to bcftow ſuch Induſtry, Tim? and Expence, as I have torimerly 
noted to be requiſite in fuch a work. , 

For the turtherance whereof, and of the PraQice of Navigation in ge. 
F 2 nera. 
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neral, I ſhall endeavour in the two next Chapters to ſhew a methodi- 
cal and orderly way of keeping a Reckoning at Sea, more diftinly 
and exatly than hath been formerly uſed, and ſuch as may aptly be ſer 
down in any Chart, and applied in the three principal kinds of failing, 
namely, according to the Plain Chart, or Mercator's, or according to the 
Arch of a Great Circle. And by a tew Reckonings truly ſet down ac- 
cording to this Form, the Maps of the World, and of the pazts thereof, 
might be much reformed. | 
Chap. VIII. A formal and exait Way of ſetting down and perfefting 
a Sea Reckoning. 

Lrho the Courſe and Diſtance cannot be ſo truly and certainl 

_ known as the Latitude may be; yer we mult endeavour in theſe 
alſo ro come as near the Truth as may be, the rather, for that ſome 
Reckonings muſt neceflarily depend wholly upon them. And to that 
end, thoſe which in their Voyages at Sea, have occaſion to run far up- 
on any Courſe or Courles near the Meridian, may do well to make trial 
of rhat which I havegormerly ſer down touching the Quantity of a De- 
gree on the Earth and Sea, in our known Meaſure : and eſpecially in 
Eaſt India Voyages; failing from the L:zard in the Weſt part of Eng- 
land to -," bon Eſperance in Africk, they have opportunity of making 
an ample Experiment hereof. . 

But leaving this to the praQtice of the skilful and induſtrious Sea- 
man, we come now to ſhew an orderly and exatt way of framing and 
keeping a geerery at Sea; for which purpoſe I have made the Table 
following, which ſheweth how much a Ship is more Northerly or Sou- 
therly, and how much more Eaſterly or Weſterly, by ſailing uponany 
Point or halt Point of the Compaſs, any number of Miles propoſed. 

Fhe like Table I made many Years fince, and taught the Uſe of it in 
Navigation : Whether it were then uſed by any other, I know not, I 
had it of no Man, but this I ſpeak, that if any Man claim the firſt 
making and uſe of ſuch an one, he may have it. 

The ground of making this Table is the ſame with the former. For 
as Radius is in proportion to the Diſtance run, ſo1s the Sine Complement 
of theRhomb, ro the Diſtance of North or South, and ſo is the Sine of the 
Khomb, zo the Diſtance of Eaſt or Weſt. Theretore here, for 10 Miles: 
upon any of the four Points from the Meridian, we ſer in the ſecond 
Column the Sine Complement of that Point (reduced into Degrees) and 
in the third the Se thereof, As the ſecond xhomb or Point from the 
Meridian, being 22 degrees 20 minutes, the ps wo thereof 
whichis 9239 ſet in the ſecond Column againſt 10, and the S72e there- 
of 3827, Iſt there in the third Column ; And having done thus for 10 
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Miles in every Column, the reſt may be eafily drawn from them. 

As in the ſecond Column, for the fr{t halt Point againſt 10 Miles find- 
ing 9952, I ſet the half thereof, namely, 4976 againſt 5 Miles, and thz 
tenth part thereof, namely 995 againlt one Mile, which doubled, or 
added to ir ſelf, is 1990, to be ſer againſt 2 Miles, whereto adding the 
ſame 995, the Sum is 2985 tor three Miles ; and fo for the reſt. 

And thus tor every Point and halt-Point from the Meridian, there are 
three Columns : In the firſt whereot there is ſer down anumber of Miles 
run upon that Point or halt-Point; the ſecond ſheweth how much the La- 
titude is alter'd, that is, how much youare more Southerly or Norther- 
ly, by running ſo far upon that Point, or halt-Point, the third, how 
much you are more Eafterly or Weſterly, by running that Courſe and 
Diſtance. The Numbers {er in every firſt Column, trom 1 to 10, are 
alſo to be underſtood from 10 tc 1c0, or from 100 to 1000; and the 
Figure in the tourth place of the ſecond and third Columas, anfwers 
to the Figure'in the fixlt. As, admit a Ship runs South and by Welt, 
(that is, South one Point Weſterly) 165 Miles; It down this number 
thus, and looking in the Columns of the 


firſt Rhomb againſt 10 (which may be 100] g81 195 
underſtood to be 100) I find againſt it |S. W. 1] 6c 585} 117 
in the ſecond Column 981 almoſt, and | Point. 5 49] 10 
in the third 195; as alſo againſt 60 "T6s5| 161.4] 22.2 


(that is, 6) in the firſt Column, there 
15'588 in the ſecond, and 117 in the third: Alfo againſt 5 in the firſt 

Column, there is 49 in the ſecond, and almoſt 10 in the third. 
Theſe fer down, and ſumm'd up, as here appeareth, ſhew that a Ship 
running S. by W. 165 Miles, is to the Southwards of the place from 
whence ſhe departed 161 Miles, and 8 tenth parts of a Mile, and to the 
weſtwards 32 Miles, and 2 tenth. parts of a Mile. If you defire more 
Exaftneſs, you may uſe all the places for | Too) o3od] 1970] 
the firſt or greateſt Number, which is SW. 6 -885 1170 
ns 


here 100. As in this ſecond Example, - 
where the Southerly Diſtance is 161 +4? Toit. "We 20 
miles, and the Weſterly 32 +27 miles. | 1651161.82 22-17] 
Alarger Example may be that before ſet down in the laſt Problem 
of failing by a Great Circle, from Bermudws to the Lizard, Page 170, 
&c. of the Doftrine of Triangles. As admit I fail from thence; Firſt, 
N. E. half a Point Eafterly 600 miles; then N. E. by E. 300 miles, 
E.N.E. half a Point Northerly 495 miles; E. N.E. 390 miles; E.N. E. ; 


Point Eaſterly 264 miles ; E. by N. 210 miles ; Eaſt 951 miles. Thele 
Courles: 
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Courſes and Diſtances I ſet down in ſuch torm as here appeareth; where 
in the tir{t Column there is exprelled rhe Courle or Point of the Com- 
paſs upon which a Man fails ; in the ſccond Column, the Diſtance of 
tlie ithomb trom the Meridian ; in the third Column, the Diſtance run 
upon that Point; in the reſt, the Difterence of Latitude and Departure 
iiom the Meridian in Miles, and renth parts of a Mile. 
A Table of the Northing or Southing, Eaſting or Weſting of every 
Rhomb and balf Rhomb from the Meridian, according to the number 
of Miles run upon that Rhomb. 


—  — 


s Pornth7+Poin|1 Point 7 Poini|1 * Point'6: Point\2 Points Point 
Mz: 27 i184. 22'[11. 15178. a5j16. 52.72. 7/22. 307. 30 
| 3] 995 98] 9gv1 195] 957| 290] 924] 333 
| 2] I990] Tg6| 1962] 2390] I914ji 580| 1848] 766 
| 2] 2986] 294| 2942] 585] 2871] 870] 2772] 1148 
a] 39dI 392} 3922} 78 2827 1161] 23696] 153 
5| 4976] 490} 4924] 975] 4784] 1451] 4620] 1914 
6] 5971] $868] 5685] 1170] 5741] 1741} 5544| 2297 
7] 6966 686] 6865] - 1265| 6698) 20231| 6468] 2680 
© 7961 784| 7846] 1560] 7655] 2221| 7392] 3062 
| So 8957 882] $882 1755 8612 2612] 8315] 3445 
[1c] 9952 980 9808] 1950] 9569! 2902| 9239) 3827 
| 23 Point 55 Porm|2 Point]; Pointl2 . Point * Point 1 Point'g Point 
M 28. 7461. 52![32- 45136. 15]39- 224]50. 37-7145- O45. Oo 
I ©52} 47? 031 550 772 624 707] 707 
2 1754 942] 1662] 1111] 1546] 1269] T4141} 1414 
3] 2546] 1414] 2494] 1667] 2319] 1903] | 212I} 2121 
4\ 3528| 1885] 3326] 2222] 3cg2] 2538] 2828] 2828 
5] 4410] 2357] 4155] 2776| 2865] 3172] 3535] 353 
6] 5292] .2828] 4989] 3334 4635| 3506] 4242} 4242 
7] 6174| 330c| '582c| 3890] 5411} 444v] 4949! 4949 
© 7059, 3771] 6552] 4445] 6184] 5075] 5656| 5650 
ol 7937| 4243] 7483] 50cc| 6957] 5710] 6364 6304 
[1c| .8819] 47141 8215] 5556] 7720l 6344k 7071} 7271 


(In all which is to be conceived, that all the Iarzations are allowed) 
ſo that at the Foot of this Reckoning, I find the Sum of the North 
Column to be 1047 ++ Miles, and the Sum of the Eaſt Column 2520 
Miles almoſt; the firſt, namely 1047 Miles, converted into degrees, is 

17 deg, 


Reckoning endeth. 
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17 deg. 27 min. the difference of Latitude, which added to the Lati” 
tude. of Bermud/#s 32 deg. 25 min. (where this Reckoning began) the 
Sum is 49 deg. 52 min. which is the Latitude of this place where this 


So that according to this Account, the Ship is run 


into the Latitude of 49 deg. 52 min. and hath altered her Longitude 
to the Eaſtwards 2920 Miles, of ſuch Miles whereof 60 malye a De- 


oree of a great Circle. 
| Rho? Diſt. | | 
| Courſe. om the'miles.| |North.| South. | Eaſt. [ et. 
N.E +. North. 
7, E. [Eaſterly.] 6oc| | 380.6 463.3 
"WHEL 6th He 8 Page 
NE. by N. Eaſt | 30c 166.7 2494 
E., | 5 Point We 8] | 
E.N.E. | N.Eaſt. | 40c 1885) 2528 
Po.N. | 5: Po.| 9© 424 794 
oy £0... OM SS. , as 
ENE. |N.Eaft. | 300 1145 277.2 
6 Po. | 9c 344 831 
EN.E | N.Eaſt. | 20c 580 1914 
Po.E. 1s + Po.| 6c 174 574 
T2 OOTY OO. OG 
E. by Nj N.Eaſt. 20c 390 1962 
7Point-' 1c | 20 | 98 
WD, YOoc 9510 
Eaft. | Exft. Ns 
| 321cl hogr.g] [29197 


—— 
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2920 Miles ; and ſo the Point of the Interſectio 
Meridian, is the Traverſe-Point, or Point in the Chart, repreſenting 
the place where the Ship is in the end of this Reckoning, 

But it you ſet down this Reckoning on Mercator's Chart, you muſt 
afo find a Point that may be in the Latitude of 49 deg. 52 min. and - 
may likewiſe be to the Eaſtwards of Bermudizs 2929 Miles, which is 
done by running with your Compaſſes a Parallel in the Latitude of 49 
deg. 52 min. and croſſing the ſame by a Meridian, which may be to the 
taltward of the Meridian of Bermudys 2920 Miles; the Point of the 
InterſeQtion of this Parallel with that Meridian, is the Traverſe-Point, 
repreſenting in the Chart, the place where the Ship then 15. 


Therefore if you 
ſet down this Reck- 
oning on the Plarn- 
Chart, you muſt make 
a Point-in the Chart 
that may be in the 
Latitude. of 49 deg. 
52 min. and to the 
Eaſtwards of Bermu- 
dis,(where this Reck- 
oning began) 2920 
Miles; that is, you 
muſt run a Parallel 
(with your Compaſ- 
les or otherwiſe) on 
your Chart in the La- 
titude of 49 deg. 52 
min. and croſs the 
{ame by a Meridian, 
which may be to the 
Eaſtwards of the Me- 
ridian of Bermuds 


n of this Parallel and 


For 
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For it is tobe conceived in this Chart, that the degrees of the Meridian 
intercepted between the Latirudes of rwo places.are as a Scale tor thoſe 
places, to meaſure not only theirdifterence of Laritude, bart likewiſe their 
diſtance in their Rhomb, as alſo the diſtance of their Meridians. 

But becauſe it often falls out, that in ſailing from place to place, a 
Ship runs not near the Rhomb of the two places -by many hundred 
Miles, eſpecially in ailing by the Arch of a Great Circle, whichis the 
molt exquiſite manner of failing, and wherein a Man ſhitts his Courſe 
often, and runs much further in one Latitude then in another, as by the 
former Example may appear : Therefore once in three or four days, 
or {© often as you alter your Courſe much, you may transfer or ſet 
down your Reckoning out of your Book into your Charr. As in trans- 
terring the former Example, you may ſet down the Northing and Eaft- 
ing of every of the Courſes ſeverally : But for brevity ſake we will bring 
them into three parts; and ſv alſo we ſhall not much err: 

And thus tor the two firſt Courſes, namely, N.E. 

| North. Eaſt- 4 a Point Eafterly 600 Miles, and NE. by E. 300 Miles, I 

174] find in the North Column 547 Miles, and in; the Eaſt 

4] 2 -| Column 713 Miles; alfo for the three next Courſes, 

99 , 2 ſumming up the North and Eaſt Columns, I find the 

: 1 Northing to be 459 Miles, and the Eaſting 1050 Miles. 

|_1047] 2929] Alſo for the two laſt Courſes I find the Northing to be 
| 41 Miles, and the Eafting 1157 Miles. | 

Now to transfer theſe into the Charz, I conſider that 547 Miles is 9 
deg. 7 min.-which added to the former Latitude 32 deg. 25 min. makes 
Latitude 41 deg. 32 min. In which Latitude I run a Parallel ; then con- 
fidering that 7513 Miles is 11 deg. 53 min. I take this 11 deg. 53 min. 
in the Meridian, as much above the one Latitude as beneath the other, 
namely, from 31 deg. o-min. to 42 deg. 53 min. and this I ſet in the 
aforeſaid Parallel from the Meridian of Bermudzizs to the Eaſtwards, 
and there make the Point Bz then reducing 459 Miles into degrees, it 
makes 7 deg. 39 min. which added to 41 deg. 32 min. makes Latitude 
49 deg. 11 min. Alfo the Eafting 1050 Miles are 17 deg. 30 min. the 
half whereof $ deg. 45 min. I takein the Meridian from above 41 deg. 
32 min. beneath 49 deg. 11 min. namely, from- 41 deg. 20 min. to 
50 deg. 5 min. And this being double (becauſe it is but the half) I 
{erfrom the Meridian of the Prick, or Traverſe-Point B before made, 
in the Parallel of 49deg. 11 min. making there another Prick D. Laſt- 
ly, I add the Northing 41 Miles, to the former Latitude 4.9 deg. 11 


min. the Sum is 49 deg. 52 min, the Latitude of the Parallel to _ 
am 
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I am'now come, wherein I am to ſet down the Eaſting 1157 Miles. 
This therefore converted into degrees of a- great Circle, make 19 deg. 
17 min. I'take therefore 1 deg. of the Meridian, about that Latitude 
o& 49 deg. 52 min. (becauſe the moſt part is run in that Latitude)-name- 


3 


A\: 


$10 


 w—_—_ _ ——_ $1 T. 


co Tik $eaman's Wyattice. 
ly, from 49 deg. 20 min. to 50 deg. '30 mig. and ſet the ſame in the 


aforeſaid Parallel from rhe Meridian of the Prick D laſt before made to - 


the Eaſtwards 19 times; and moreover 17 min. taken at the ſame La. 
tirude, and this reacheth ro the Point E. And fo is all this Reckoni 
ſet down; andthe like is to be underſtood of any other, which thoug 
in Expreſſion it requires many words for Plainneſs, yer is there very lit. 
tle ditficulty more in the Prattice, than there is-in ſetting down a Recko- 
ning on the Plan Chars. | 


Chap. IX. A more ample Example tagetber with a !arger Table for 


the keeping a Reckoning at Sea. 


H*k thus (in a more general manner) ſhewed how to-ſet down: 


a Reckoning ot the Ship's way tor every Point and halt-Point of 
the Compaſs, this to ſome Men might ſeem ſufficient. Bur becauſe a 
Ship-doth not always- make her way good-.as ſhe lies, nor doth her 
Leeward-way always fall juſtly upon a whole Poinc, or half-Point, or 
quarter: And moreover, coufidering that tho a Ship ſt.er away upon 
any Point of the Compaſs, yet her true way, by reaſon of the Varia 
tion- of the-Needle, may 1werye from that Point towards the one fide, 
or towards-the-other,.3 or 4 degrees, or more or lels, and not always4 
Point or halt-Point, or quarter; therefore I have thought it requifite 


to ſet down the Table tollowing to every ſingle Degrce z and thata Man: | 


might the: more readily with one or two Entrarces have his defire, 1: 


have alſo enlarged- the number of Miles unto 100. The ground and-, 


way of making this Table, difters not from the former, and it 1s t0 


be uſed almoſt 1n'the ſelf ſame manner ; wheretore we1hall uſe the more- 


brevity in the-handling it. 


Here followeth a Table of the Northing or Southing; Eafting #t 
Weſting of. every Degree from the Meridian, according to the 
number : of Miles run upon that Degree. . Which for brevity 
lake we call— 


A:T ABL E for the Difference of [ atitude 
and. Departure from. the Meridian. 
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57] 37-9 
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59, 39-0 
601 60.0 


611610 
622.0 
63|63-0 
bens 
65 | 65-0 
66 | 66.0 
67 | 67-0 
68[68.0| 2. 
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®| 88 Deg. 
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S| 13 Deg: S| 3_Deg-_ | _3 Veg 
= Lat. | Dep. #|Lar. | Dep. | Lat. |Dep. 
1] hol a 35 |35-0} 1.8 69| 68.9 | 3,6 
21 4-0 1 ;6 | 36-O r.9| 79] 69.9| 3-7 
3] 3-< ai 37 | 37-0} 1-9 7115 7908] 37 
4] 40] +2 38 | 38.0] 2.0] 72| 71.9] 3-8 
$1 $07 39} 39.0} 2-0 731] 73.9] 38 
6] 6: 43 paw þ awe 2-1 741 739] 3-9 
7] 7-2] + 41] 41.0] 2.1 T5] 749] 349 
$8] $0] 44 42 | 42.0] 22 76] 75-9] 4-0 
v] $0 +5 43143-2} 2-2 77} 76-9] .4-0 
wwo|_5| [4/42] 23} | 723mg eu 
Iifti.o! 46 45 145.0] 2.3 79] 7$.9]| 41 
1:]12,0] 6 46 | 46.0] 2.4 = 759 4.2 
I3113.0 47/470] 2.4 I| $0.9] 4,2 
I4 =_ ,, 45 | 48.0 2.5 82] $1.9] 4.3 
i5Þi5.o] 8 49|49-0} 2.6 83; 82.9} 4.3 
16]i6"0] +8 50| 50.0] 2.6 84' 83-9] 44 
17[a7.cl + 511529] 247 85: 849 | 44 
i8]18.c 9 F2|Flg| 2.7 86] 859] 45 
19] 1g.c| 1.0 53/529} 2.8 87 |, 86.9] 4-5 
20|200| 1: 54|$3-9| 2:8 83 | 87.9]_4.5 
21]210| 1.1 55 549} = 89) $8.9 | 4:6 
22}22.0| 1.1 56 | $5-9]} 2.9 90; 899} 47 
23123.0| 1.2 57| 56.9] 3.0 91] 90,9] 46 
24 |[24,9| 1-2 58] 57.9] 3-0 92; 91:49] 4 - 
25]25.0| 1:3 59|$8.9| 3-1 93 | 929149 
26[26.0] 1.3 1691599] 3-1 94, 93-9] 49 
27127,01| 1:4 [61 60.9 } 3:2 95; $49] FO 
2b6|28.0] 1:5 62 '61.9| 3.2 96| 95.9| 5.0 
2912.99] 1-5 63 62.9] 3+3 971 96.9} 5.1 
30| 30.0] _1:6 64 63-91_3:3 L1.97:9 15k 
31|31.,0] 1.6 55 649| 34 99] 98.9 5-2 
32]32,0} 1.7 66 65-9] 3-5 100] 99,9] 5-2 
33133.2| 37 37 66.9] 35 200 liggh,7 | 10.5 
34|34.=| 2.8 68 67.9] 3.6 300[299.6|15.7 
= Dep. | Lat _ Dep. Lat. & | Dep Lar. 
Sl 87 Deg. => 87 Deg. © | 87 Deg, 
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S| 7.05. | ©] 7 Deg... & | _7 De8-_ 

=|Lar. |Dep. | P| Lat.1Degp. = | Lar. [Dep 

14 1.0 I 35|34-7 4-3 69| 68.5 8.4 

 & * | '36| 35.7] 4.4 70] 69.5] 8.5 

3| 39] 4 [37|36.7| 4-5 7:| 70.5] 8.7 

4] 49] +5 38137-7] 4.6 72] 71.5] $8 

| F| 5.0] 6 39|38.7] 4.8 73] 72.5] 9.3 

- | 6]:6.0 7 40|39-7] 49 74\| 73-4 9.0 

7] $9] +8 4149.7] 5.0 75| 74-4] 9-2 

8 44 ws 42141.7] 5.1 76\ 754] 9:3 
9| 8.9] 1.1 |43[42-7] 5.2 - 76.4] 9-4] 

no Bone þ Shwag |47143-7]_5-4 25, 7741.23 
-—o Br Wr--:- 

' [or2[rigl 1.5 [45|45-6] 5-6 80| 79.41 9-8 

[3 _ 1.6 [47 146-6 5-7 81] 80.4] 949 

14| 13.9] 1-7 438/47.6] 59 $2] $1.4] 10.0 

| 15] 14.9] 1.8 49 | 48.6] 6.0 83] 82.4]191 

16] 15.9] 2.0 '$0|49.6| 6.1 84] $3.4] 19-3 

17] 16.9] 2.1 Fl | $2.6 | 6.2 85] 84 4110.4 

18] 17.9] 2.2 52 51-6] 6.3 $5] $5.4] 10.5 

19] 18.9] 2.3 |F3|52-6| 6.5 $z] $86.3] 10.6 

=} 22/2  |2122=|_= wn Bhs 2 | 
21|20.8| 2.6 [55 1546] 6.7 89] 88.3] 10.9 
22|121.8] 2.7 56|155.6| 6.8 935] 89.3] 11.0 

23[22.8| 2.8 57 '56.6| 6.9 91] 90.3] 111 
| [24]23-5| 2.9 58|57.6] 7.1] 92; 91.3 11.2 | 
25|24.5| 3.0 59|59.6] 7.2] 93| 92.3] 11-3 

4 251255] 3.2 60|59,6 7-3| 94 | 93-30 1145 
| 27|26.8| 3.3 6169.5] 7.4| 95 | 94.3] 11.6 
| 238] 27.5 3.4 62'\'G61.5] 7.6] | 96 | 95.30 11-7 

29 | 28.8] 3.5 \63162.5} 7-7] 97 | 96.3] 11.5 

3. |29-d] 3.7 164,635] 7.8 58| 97.3] 12:0 

31] 39.9] 3.8 1651645| 7-9} 99| 98.3] 12-1 

z32]315| 3:9 166|65.,5| Bl 100! 99.3] 12.2 

p 331 32-7} $2 [671665 8,2 200 | 198.5] 24.4 
| WELES! [jog] hs 300 | 297.7] 36.6 
S | Dep. = | S| Dep. | Lar. — | Dep. Lat 
SED) | aDe 
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&|_9 Deg: S |_2 Des. -18 2. 
® Lat. [Dep. | 2 /Lac. Dep*} = ' Lat. | Dep, 
| I.C 9 125 24.6 | 5.5 69 | 68.2] 10.8 
2' 2.0] . .3 [26 35.6| 5.6 70] 69.1] 10.9 
3| 3.0 5 | 37 36.6 | F.S 71 | 70.1 11.1} 
4] 4.0] +6 138|[37.5i $5+9 72} 71.1] I1.2 
5] 4-0] 8 [39|38.5 | 6.1 37-7214 2144 
6] 5.9] 49 [40 |39.5! 6.3 74 73-1] 11.6 
[7] 6.9] 1:1 41 | 40.5 | 6.4 751 741] 11-7 
8| 7.9] 1:3 42| 41.5 6.6 76| 75-1] 11:9 
9' 8.9] 1.4 43 42.5 | 6:47 77' 76.1] 12.0 
Io 9.9] 1.6 44 '43-5 ; 6-9 781 77.0] 12:2 
I 10.9] 1.7 45 44-5] 7-0 79| 78.0] 12.4 
I2 11.0] 1:9 46 45-4 | 7-2 80? 79.0] 12.5 
I3 12.0] 2.0 47 ' 46.4 | 7-3 81: 80.0] 12.7 
| [14 13.c] 2-2 48 47-4| 7-5 62] 81.0| 12.8} 
I5 14.T} 2.3 49 48.4 | 77 82] 82.0] 13.0 
16 15.2] 2.5 5O 49.4} 7.8 84] 83.0] 13.1 
I7 16.8] 2.6 Fl 50.4} 8.0 85| 84.0] 13:3 
I8 17.5] 2.8 52 5l.4| 8.1 86| 85.0] 1344 
I9 18.5] 3.0 53 52-4 i 8.3 87| 85.9] 13.6 
20119.0] 3.1 54. 53-4, 84 88| 869] 13.8 
21 [20.6] 2.2 55 54-3] 8.6 69] $87.9] 13.9þ 
22[21.7] 2.4| 56 55.3] 8.8 gol 88.9] 14.1 
[22 22.71} 2.6 | [57 56.3] 8.9 91] 89.9] 14-2 
24|22.7] 7. 58 57-3] 9.1 92] 90.9] 1444 
25 | 24.7 . 59 58.4] 9.2 2] 91.9] 14.5 
20 125.7] 4.1 6059-3] 9.44 94] 92.9] 14.7 
127 | 26.=] 4.2 6160.3] 9.5 95] 92.8] 14.8 
26} 27.7 | 4- 62 61.2] 9.7 96] 94.58] 15.0 
129] 28.7" 4. 63|62.2] 9.8 97] 95.8] 15.2 
BY[ 29.6: 4.7 64 | 63.2| 10.0 98] 96.8] 15-3 
31[20.6, 4.t 65 | 64.2 | VO.2 99] 97.8] 15:5 
132]21.6] 5.c 66 | 65.2] 10.3 ICO] 98.8] 15.6 
p3 22.6] 5.1 7|66.2| 10.5 200|197.5| 21.3 
[34 122.6] 5-3 68 | 67.2] 10.6 2CO| 296.3] 369 
|S [Dep.! Lar. S Dep.| Lat. S | Dep. | Lat. 
[*1 81 Deg. ® 81 Deg. | | 81 Deg. 
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S| 12 Deg. S| 12 Deg. i 12 Deg, 
>| Lat. Dep | Lar. Dep: Lt Lat. | Pep, 
I 1-0 2 35 134-2] 7+3 69| 675 144 
2] 2-0| <4 361392] 75 79| 68.5] 14.6 
3] 2.9 6 37 | 36-2| 77 71] 69.4 14.8 
4] 3-9| +5 35 _=my 7-9 7/2] 70-4]15.0 
5| 49] 1.0 z39138.1! $1], 73] 7:4| 15.2 
6] 5.9] 1.2 40 | 39.1 $.3 74] 72-4) 15.4 
7] 68{| 1.5 41|4%.1| 8.5 75] 734| 15,6 
8] 7.8] 1.7 42 |41.1] 8.7 76| 74-3] 15.8 
9] 8.8] 1.9 43!142,0] 9.0 77| 75-3] 16.0 
10] 9.8] 2.1 44 | 43-0] 9-2 78 76+3] 16.2 
InNj1o0.8| 2.3 45 | 44-0] 944 79] 77+3 16.4 
1:[11.7] 2.5 46 (45.0 ] 9.6 80| 78.3] 16.6 
1312, |; K 

I4 
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g_ 13 Deg. S| 13 D&| |4<|_ 2Dz 
>| Lat. |Dep. ag Lat. | Dep. ® | Lar. | Dep 
I] lO] «2 35| 341] 79 69| 67.2] 15.5 
2] 2.0| 4 36| 35-1] 8.1 70| 68.2] 15.7 
3] 2.9 7 37 | 36.1] 8.3 71| 69.2] 16.0 
41 3-9 -9 38 37.0 8.6 72| 70.2| 16.2 
5| 49| 1.1 '39|38.0] 8.8 73] 71.1| 16.4 
6| 5-9, 1.3 49|39-0] 9-0 74| 72.1) 16 6 
7 6.8] 1,6 pad bye 9-2 75] 73.1 16.9 
$| 7-8] 1.8 42) 49.9| 944 76| 74.1] 27.1 
go! 8.8] 2.0 43| 41.9] 97 77| 75-0] 17.3 
10] 9.8 | 2.2 44/429 9-9 78] 76.0] 17.5 
11][10,7| 245 +5] 43-5 |. 10.1 79] 77.0] 17 $ 
I2/11.,7} 2.7 46 44-8 l 0.3 30 78.0 18.0 
13]12.7| 2.9 47| 45.5| 10.6 $1] 78.9] 18.2! 
k 13.6] 3f1 48| 46.8] 10.8 82! 79.9 18.4 
$/146| 3:4 49|147.7| 11.9 83] $0.9| 18.7} 
16{15.6| 3.6 $0| 48.7 | 11.2 84] $1.8] 18.9 
p 16.6] 3.8 $1] 49.7 | I1.5 85 82.8] 19.1 
| 18]117.6 | 4.0 52|50.7 | 11.7 - | 86] 33.8] 19.3 
| 918.5 |. 4:3 53! 51.6 I1.9 87 84.8] 19.6 
2019.4] 4.5 $4! 52.6] 12.1 88 85 7] 19.8 
aſ20.5| 4.7 55| 53-6| 12.4 89] 86.7] 20.0 
| 22/21.5| 4.9 55 | 54.6 | 12.6 go| 87,7] 20 2 
| 23|22.4 | 5.2 57 | 55-5| 12.5 gi} 88,7] 20.5] 
) 24123.4| 5.4 58] 56.5| 12.0 92| 89.6| 20.7] 
| 5124-4] 5-6 59| $7-5| 13-3 93] 90.6| 20.9 
| | [25.4] 5.8 60| 58.5 13.5 94| 91.6} 21.1 
7126.3] 6.1, 611 59.4| 13-7 95] 92.6] 2144 
] 28 27.3 6.3! 6260.4 | 14-0 96 93-5 21.6! 
Rl [9 28. 3 6.5| 63,61,4| 14.2 97] 945] 21.8 
| Ja 67] |54/62.4/144] | _o8f 955) 22: 
*| [3302] 70 |65| 63.4 | 14-6| 99] 96.5| 22.3 
6 132 J1.2| 7.2 je! 64.31 14 8 I0O| 97.4} 22.5 
$ 33132.2| 7.4 67 | 65 3115.1 200| 194.9| 45-0 
6 4133.1] 7.6 [68| 56 3115.3 [309|292.3| 67:5 
+] 9 |Dep. | Lat. ER Lat. | S | Dep. | Lat. 
| 1 77 Deg. / | 77 Deg | 1 77 Deg: | 
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SS | 16 Deg.- 

Z [= S Tat Dep, 

= |Lar. | Dep. E = 

2 35 33-6 4 Ks 9: 7 

l] 1.0] .3 "44 194 4 | 973] 

2) 1.9 6 : 4+ 99 T 632] 19 

_ [2g 36.5 = 72] 6901 

; | [39137520 | .T] 264 

: 4.8 I.4 -- dey I L.O 4. bs = 

6 F.S T.7 41 | 39.4 | 11.3 = Ld 

7]- 6-7] 1:9] 42140-4115 76] 73-1] 21 

6 : » 3% 79] 75-0] 21; 
199) 6" with: HE B 56 

H] 28 $41 42:3 [12.7 YE 
19| 9.6 24S oper, == mT 
IIi10.6] 3.0 iba oy p 2 
1211.5 2:3 al py; ar] Jp 
13/12.5] 3-6 AH 4 4] 

| lng 6 LAPS 13.9) 84 | 80.7 
5{14.4] 4-1 AHF 2 6 be 
=. | be. 51 [49.0 | 14.1 Ab-5: 
17 16.3] 4-7 52 | 50.9 14.2 $6) $27 
IS 17.3] 15.0 tho of o 6: 
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201_73|.<4 tj nd fn 221.3551 8 
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[23 16.5| 16.0 57 141.0] 39.6 gi] 65-5] 634 
24 |17.3| 16.7 58141,7] 40.3 92 | 66.2| 639 
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27 | 19.4 | 18,8 G1 43-9 | 42-4 95| 68.3| 640 
28 |20.1| 19.5 62 144.6: 43-1 96| 69.0 66.7 
29 |20.9| 20.1 63 [45-3] 43-8 97| 69.8| 674 
30 [21.6 20.8 64146 01445 98] 70.5 681 
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$i 9.2 90.2 47 | 33-2 33-2 - 
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Now for the form of ſetting down a Reckoning, altho he who is 
Accuſtomed.to keep it in this mannzr, may hapily by uſe and praQtice 
'Uiſcern how to order it in a better way than I can pretently preſcribe 
Or think upon, becauſe he hath occaſion-often to conhider it in ey 
Particular; yet in the mean time, I conceive it will ve fit to have 3 
Book in Folio, that is, two Leaves to a'Sheer ot Paper, and to k 
the left fide of your Book void, that you may wright the:ein all ſuch 
Occurrents as you ſhall think requifice. As namely, the Winds, and 
the Points of the Compaſs upon which your =P lics; and whatalloyw. 
ance-you make for Leeward-way when you fail by a Wind; the num- 
ber of Glaſſes or Hours, and how many Knots or Miles in each Hour, 
2lſo the Latitudes, which you find by obſervation of che Meridian Al- 
tirude of the Stars, and what el{: you ſhall chink remarkable. But 
before all this, the Title of the Voyage in rheſe, or the like words; - 


The Fournal of our Voyage, intended by God's Affiſtonce from Ber- 
mudas in the Latitude of 32 deg. 25 min. to the Coaſt of England, &c. 


The right hand Pages, or the right fide of your Book throughout, 
may by Lines be divided into twelve Columns, as in the Example 
following doth appear. In the firſt Column may be expreſſed the 
Day, in the ſecond the Month, or art leaſt once in the top of the 
Page ; likewiſe in the ſame ſecond Column, being large enough, may 
be ſer down the Latitudes, which you find by the Meridian Alritudes 
of the Sun at ſuch times as you make. obſervation. In the third Co- 
lumn the Courſe (the Leeward-way, if there be any Leeing allowed.) 
In the fourth, the Variation of the Needle. In rhe fitth (baving made 
allowance for the Variation) ſet down the Angle of your Rhomb with 
the Meridian. In the fixth Column, ſet down the Diſtance in Miles 
run upon that Rhomb. In the ſeventh, eighth, ninth and tenth Co- 
lumns, he Northing or Southing, Eafting or Weſtingg thereto at- 
iwering, as you ſhall find it by your Table. In the eleventh, your 
Latitudes by Ded-reckoning. And _ in the twelfth Column, you 
may at ſuch times as you think fitteſt, ſet down your Longitude 


from the Place from which you firſt departed, or the Difference of 
Longirude from Place to Place. 


Days. 
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+ 390. 36/; + nor. Wock, " ne. 54d. _ 84 494 675 39 28 
| Sum nis |3045 tg 
F: | | The CorreRion by Obſervar. is is 8c ms CC HE o8 
24 | 39-36 | ] 13125) | zoo] 9-36 | 11-36 
26) Fibr - 100 , $07 861 | 
: a »& 911726 30s 655 | yo | 
8dep. ;} 100 85 
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For mm Example, we may - frame a Reckoning between - the two 
laces before mentioned ; namely, from Bermudws to the Lizard. 
whoſe diſtance in the Rhomb we. have before ſuppoſed to be 23299 
Miles, as Tome Charts make it, and conſequently their difference of 
Longitude 50 deg. I would nor be underſtood as if 1 affirmed it to be 
ſo much, tor I ſuppoſe it is leſs. I was there indeed about 20 Years 
|, and ſurveyed it, and then kept a Reckoning both outwards and 
omewards, but I have loſt thoſe Reckonings long fince, and forgotten 
what they were, and in this caſe it matters not: for whether the ſu 
poſition be near the truth or not, it ſerves ſufficiently to exem lify 
the Rule, that being the end for which it is uſed. Burt if their di 
be 2299 ſuch Miles as contain only 1000 Paces in a Mile, the fame 
being reckoned in ſuch Miles as we have before mentioned, namely, 
in ſuch whereof 60 make a degree of a great Circle, which, as we find, 
contains 6120 Feet iu a Mile, their diſtance will be little more than 
2695 Miles; and conſequently, the difference of Longitude little more 
than 554 degrees. Let us therefore ſuppoſe the difterence of Longi- 
tudes berween thoſe two places to be 55 degrees, and their Latitudes 
to be the ſame as before; namely, of the one 32 deg. 25 min. and of 
the other 50 degrees. And let the Courſes, Diſtances, and other Ob- 
| ſervations from Bermudws to the Lizard be ſuch as betore is ſhewed. 
The firſt entrance in this Journal (which is the 207b day of Febru- 
ary) is thus to be underſtood ; namely, that from the time of ſetting 
fail, (which we ſuppoſe to be the 19h of February) till the 20th day at 
Noon, the Ship lies away, and makes her way good upon the Norths 
" Eaft and by Eaſt Point of the Compaſs, but the Variation being 8 de- 
grees to the Weſtwards (as in the tourth Column a ) the Khomb 
upon which ſhe hath run is trom the North to the Eaftwrards only 48 
degrees, as is expreſſed in the fifth Column (ir is indeed 48; deg. 
but the + deg. we omit, as for the other Circumſtances not to be.re- 
garded ,) upon this Rhomb ſhe runs 78 Miles, as in the fixth Column 
Pears 3 and anſwerable there to, I find in the Table betoregoing the 
orthing to be 52-3 Miles, and the Eaſting 57:2, as here in the 
ſeventh and ninth Columns is expreſſed by theſe Numbers 522 and 
579 (tor the firſt Figure towards the Right-hand fignifierh the tenth part 
of a Mile, the reſt Miles.) Hence then the Northing being 52 Miles, 
if that be added to the Latitude from which it is reckoned, namely, 22- 
deg. 25 min. it makes the Latirude here to be 22 deg. 17 min. as in 
the eleventh Column appears. In like ſort, the ſecoud entrance be- . 


ing the 21/f} of February, —_— that from the 207þ day at Noon 
2 to 


200 The Sea-man's Pqattice. 
to the 21/7, ſhe made her way good upon the North eaſt by Eaſt Poine 
of the Compaſs ; bur the Variation being 8 degrees Weſterly, the Ar 
plc of the Rhomb, with rhe tru2 Meridian, was from the North to the 

aftwards 48 degrees; and ſo ſailing 100 Miles, the Northing is 69,» 
Miles, and the taſting 74:3 Miles , ſo that the Latitude is now 24 deg, 
24 min. and the like is to be nnderftood of all rhe reſt. 

Touching the Longitude expreſſed in the laſt Columm, although a 
Reckoning may be kept and ſer down withour it, yet it is of very good 
uſe; and how to convert the Eaſting or Weſting (that is, the Miles ex- 
prelſed in the Eaſt and Weſt Columns of your Journal) into degrees and 
minutes of Longitude, we will ihew afterwards ; as atfo how you ma 
eaſily corre&t your Courſe, and give the true Courſe or Rhomb, al- 
lowing the Variation. 

Bur firſt to proceed with this Journal. Obſerving the Meridian Al- 
titude of the Sun upon the 23d and 24th of February, 1 find that my 
Latitude upon the 24th is 39 deg. 36 min. whereas by Dead-reckon- 
ing it is but 29 deg. 28 min. ſo the Difference is 8 more Northerly : 
Bur being well aſſured of the Latitude found by Obſervation, I corre 
the Dead-reckoning thereby, which may be done by the Rule of Pro- 
portion, ſaying 


As the Sum of the North Column, 2125 Co. ar. 6.50515 
to the Sum of the Eaſt Column, 4300 3-63347 
Sothe foreſaid increaſe Northerly 80 1.90309 
to the increaſe Eaſterly, 10 2.04171 


That is 11 Miles ; for the firſt place towards the Right-hand is only 
for the 107h part of a Mile. 


The fame may alfo ſufficiently be found without the Rule of Propot- 
tion by the foregoing Table, only for looking there under the Degree 
upon which I have failed; namely, under 54 degrees for 8 Miles, ot 
80 tenths of a Mile ; tho' I find not the fame exaQly, yet I find one 
which is near it, namely 82, and againſt it in the next collateral Co- 
lumn 213, which is 11: Miles (being too much by + of a Mile, be 
cauſe the other is too much by +; )! add therefore in the North Co- 
tamn of the Journal, 8 Miles, - and the Eaſt Column 11 Miles z and 
ſo whereas by Dead-reckoning, the Northing was but 304 + Miles, 
and the Eaſting 419 Miles; now having correCted it by Obſervation, 
the Northing 1s 312+ Miles, and Eafting 430 Miles. 

In the like ſort, upon the 27zh Day, I ſhould by Dead-reckoning be 
in the Latitude of 44 deg. 9 min. but by a clear and good 7 
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I find my ſelf in the Latitude of 43 deg. and 55 min. that is,” not 
ſo much Northerly by 14. min. therefore to corrett it, I put in the 
South Colurin 14 Miles, or 140 Tenths: and ſeeing my Courſe was : 
berween the North and theEaſt, and that I find my 1elt ro be leſs to 
the Northwards, that is, more to the Sourhwards than my Reckoning ; 
therefore in probability, Iam alſo leſs to the Eaſtwards; that is, more 
to the Weſtwards than my Reckoning : but ro find how much, I look 
in the foregoing Table for the Degree upon which I have failed, being 
from the North part of the Meridian to the Eaſtwards 60 deg. and un- 
dr 6deg. I look for 14 Miles, or 140 Tenths, and againſt it in the 
Column adjoining I find 242, which-l ſet down in my Journal in the + 
Weſt Column : and ſo ſubtraQting the firit from the North Column, 
the other trom the Faſt, I find that whereas by Dead-reckoning I ſhould 
be to the Northwards 273+: Miles, and to the Eaſtwards 465-7; now 
having correGQed it byObſervartion.l find that from the 247h day till this 
time _—_ run more Northerly than I was by 259, * Miles, and more - 
Eſterly by 441+: Miles. 

Bur if your Courſe be near the Eaſt or Weſt, it may fuffice to cor- 
rect it in Latnda only, as in the Example of the 8th of March ap- 

rs: for in that caſe you. cannot corrett the Longitude, , but from 
ome farther ground. 

If there be any Current, you may. note it, as is done in that Exam: . 
ple, tollowing the 8rþ of March. 

Now if you would ſer down this Reckoning upon the plain or: com / 
mon Sea Chart , Firſt, if you Ueſire to expreſs every Day's Account, 
ou may begin from the 20th of February, and make 2 prick in your 

lot that may be from the place from which you ſer fail. to the North- 


- wards 52+: Miles, and to the Eaſtwards 57+? and ſo will this Poine 


be diſtant from the place of your ſetring fail 78 Miles N. E. and almoſt 
a quarter of a Point Eaſtexly : Then for the 21/t Day you may. make 
another Prick, which may be from the former to the Northwasds 66 
72 Miles, and to the Eaſtwards 54.3 Miles, and ſo you may proceed 
with the reft.- And thus you ſhall have a Prick on the Plot for every 
Day more exaUly ſet- down, than could be done after the ordinary 
way by Courſe and Diſtance, or Courſe and Latitude; pact, be- 
cauſe in lining the Plot, there are not, - nor cannot convenient #- 
drawn atty more than the 32 Points of the Compaſs. viz. not ball 


oints, Quarters, or ry cn 320 
But if you defire not to ſet down every Day's Reckoning, (which 1s 
not ecelfary to be done) you may ſet down every of the Sums as they 

ae 
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. are correfted hy Obſervation, after the ſelf-ſame manner. 

Or you may-add together all thoſe Sums, and fo rhe Sum total of 
the North Column will be 1049 Miles and of thz Eaſt Column 2345 
Miles ; therefore in the Meridian of the Place from which you depart, 
you may ſet down to the Norrhwards of that Place 1049 Miles, which 
will fall in the Latitude of 49 deg 54 min. almoſt; and from thence 


in that Parallel ſet down direttly to rhe Eaſtwards 2345 Miles, and | 


there make a- prick for the place where the Ship then is the tenth of 
March; and 10 is all this Reckoning ſet down art once. 

If you keep Reckoning according to Mercator, it will be requiſite 
ſometimes to ſum up your Reckoning paſt, namely, ſo often as you 
make any notable Alteration in your Courſe; and 1o this Reckoning, 
or any other,may'be ſetdown almoſt as eafily on Mercator's Chart; the 
Difference is, that here you muſt often alter your Scale, becauſe the De- 
grees of Latitude on this Chart are not equal, bur grow greater and 

eater towards the Poles. Now then the Diſtance between the two 
Flaces is to be meafured by that part of the Meridian which is inter- 
cepted between the Laritudes of thofe two places: Or it both places 
lie in one and the ſame Larirude, their Diſtance is meaſured by a Degree, 


or other leſs Quantity taken about that Latitude : namely halt above, 


and half beneath. 

Wherefore if you would make a Prick or Traverſe-point in Mercs 
07's. Chart, anſwering to your Reckoning for the firſt Day, namely, 
until the 20th of February at Noon , -it appears by your Journal that 
prick muſt be to the Northwards of the place from which you departed 
52-2 Miles, and to the Eaſtwards 57? Miles. 

Now inſtead of the North or Sduth Columns, you may more con- 
veniently uſe the laſt Column but one, ſhewing in whac Lackwds eve- 
ry Account doth fall ; and ſo it appears that the Prick for the 20th of 
February muſt be in the Latirude of 33 deg. 179 min. Thcretfore in 
the Meridian of Bermuds from which you departed, make a' Prick 
in the Latitude of 33 deg. 17 min. and from that Prick fer down to 
the Eaſtwards in the ſame Latirude 575; Miles; and where ir ends, 
is the Tyaverſe-point anſwering to the 20th of February. The like 
may be done for the 2'/? Day, and fo for all thereſt. This 58 Miles 
may be taken in the M-ridian from the Laritude of 22 deg. 22 mit. 
to the Latitude of 22 deg. 20 min. Or ocherwiſe, you may take the 
half of it, which is 29 Miles, aboutthe middle berwe-n both Laritudes, 
and double it. 

But it is ſufficient to ſet down the Sums of every two or three Days 


Accounts 
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Accounts, or ſo often as there is any notable Difference in your Courſe. 
Thus it you would 194xe a prick in the Chart, anſwering to the 21/7 
of February, being the i:r{t Sum; I ſee by the Journal, that ic muſt 
be in the Latitude of 24 deg. 24 min. and to the Eaſtwards of the 

lace from which I departed 122+: Miles. Therefore in the Meri- 
Yan of the place from whence I departed, I make a prick in the La- 
tirude of 34 deg. 24 min. aud from that prick I ſer in the ſame Lati- 
tude to the Eaſtwards 1327: Miles, and where it ends is the Traverſe 

int anſwering to the 21/7 of February, being the firſt Sum, This 132 

iles may be taken in the Meridian within, or a little: without the 
two Latitudes, as before, namely, from 32 deg. 20 min. to 34 deg, 
32 min. 

In like ſort, if you would make a prick for the ſecond Sum, being 
the 24th of February; it there appears that it mult be in the Latitude 
of 39 deg. 36 min. and to the mn of the Traverſe-point laſt be- 
before made 430 Miles ; therefore in the Meridian of that Traverſe- 
point, I make a prick in the Latitude of 39 deg. 36 min. -and from that 

rick I ſet tothe Eaſtwards in the ſame Latitude 430 Miles, and where 
at ends, is the Traverſe-point anſwering to the 24th Day ; and-the 
like is to be underſtood of all the reſt. 

Now this 430 Miles may be taken ſeveral ways:- fer, firſt, If T take - 
1 Degree about the middle of that part of the Meridian which is 1nter- 
cepted between the Latitudes of the two places, (as from 36 deg.- 20 
min.. to 37 deg. 39 min.) and that Degree ſeven times taken, is 420 
Miles; then about the middle, —_ , 37 deg. I take ten Minutes 
more, and ſo have 430 Miles. 

In like manner you may take 2 Degrees, or 120 Miles, - to meaſure 


-it thereby, which may be taken from 36 deg. to 38 deg. and-therefi- 


due about 37 deg. as before, Ec. 

Or you may take the half of 430 Miles, namely, 215 Miles, which 
is 2deg. 35 min. which muſt be taken as betore, about the middle of 
that part of the Meridian which is intercepted between the two Lati- 
_ and that doubled, is 430 Miles to- be . ſet to the Eaſtward, as 

ore. 

And-thus may this, or any other Reckoning, be ſet down without 
knowledge of the Longitudes, but more aptly and exaAly by ſome Lon- 
itudes known, tor then ſhall you have in the two laſt Columns the 

bſtance and principal Scope of your Reckoning, namely, the Lati- 
tudes and Longitudes of all places as you fail,” which may more eafily 


and exaQly be expreſs'd upon this Chart, then the Eaſterly or Weſterly 
diſtances: 
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diſtances : Therefore how this alſo may be done we will ſhew, but 


' firſt. ſomething touching the Compals, and the Variation thereof, which 
ought not to be neglected in a Reckoning. 


; Chap. X. Of the Variation of the Compaſs, and how to reflify a Courſe 


by the Variation Rnown 


Mongft all the Myſteries which God hath of late Years diſcovered 
A to the World for the furtherance of NAVIGATION, there is 
none more neceſſary, nor yet more admirable then that Property of the 
NEEDLE touc with the Loadſtone, whereby in the vaſt cn 
where all Landmarks fail, yea even in the darkelt Nights and cloſ 
Weather, when neither Sun nor Stars are to be ſen, the Mariner (as it 
were by a Meſſenger ſent trom Heaven) is mar, up which way todireQ his 
Ship ; yea, as it were accompanied witha Guide rowards his deſired Port. 

For the Needle touched, beſides other ſtrange Properties, hath thi 
to point-out jn all = of rhe World, the North and South-parts 
the Horizon ;*and 1o having a Card thereto fitted with Rhombs and De; 
grees, it ſheweth all Points of the Compaſs,and Degrees of the Hori 

Yet very ſeldom exaQtly .of it ſelf, without ſome fartherArt and In- 
- duſtry of him that uſerh ir, for though in ſome places it ſwerves not, 
yet in moſt-parts of the World the North-and South point of the Nex- 
dle have ſome Variation from the true North .and South parts of the 
Horizon, to the Eaſtwards or to the Weſtwards, which how to diſco- 
ver in kind and quantity, we have ſhewed heretofore. 

It may be thought, (and ſome Men, otherwiſe Learned, betore this 
' Pro was fuily diſcovered, have ſaid) that this ſhould be fome Ble- 
mith-and ImperfeCtion in a Stone ſo precious ; but it is ſo far frombe 
ing an ImperteQtion, that it makes it ſo much. the more precious, y 
(as I have ſaid) not without the Induſtry of him that uſerh it. He that 
is negligent or unskilful to obſerve it, eſpecially in long Voyages and 
various Courſes, may be led into many dangers by ir, becauſe he frames 
not his Mind to the Rule, but the Rule to his Mind, imagining it tobe 
what it is not: And hence I ſuppoſe ſprang that Cuſtom ot pla 
the Necdle, or Wires, a Point, or half a Point, to the Eaſtwards 
the North-point of the Card, thinking by this means to ſhon the labour 
of obſerving the Variation , which indeed they might if the Variation 
were the ſame in all Places, and at all times; but becauſe it is not, 'this 
, Coth often increaſe the Error. 
.Bur he that diligently obſerves the Variation, finds (as I ay) e's 
judi 
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judice in it, only it requires daily, or once in two vr three Days, half 
2n hour's Work, and this Labour it doth abundantly recompence; for 
by this meanghe knows at the preſent how to direCt his Courle; and for 
the future, by thoſe Notes which he keeps of the Variations «nd Lari- 
tudes by him obſerved, he knows (coming that way again) when he 
draws near to any of thoſe Places where ſuch Obſervations were made 
and fo falls themore certainly with any Place intended. : 
There is further diſcovered of late, a Motion or Alteration in the 
Variation of the Needle, and this is ſcarce yet certainly diſcovered. But 
comparing the Variations which were obſerved about fifty Years paſt, 
with the preſent Variations, it appears they are leſſer Eaſterly and more 
Weſterly by 6 ory Degrees,than they were at that time. For whereas 
the Variation hath formerly been obſerved near London to be 115 deg. 
to the Eaſtwards, it doth now ſcarce exceed 4 degrees. And there is 
the like Alteration (as I have heard by ſome Mariners) in other parts of 
theWorld ; which we now leave tothe farther diſcovery of Time and In- 
duſtry., and come toſhew how to reWtify a Courſe by the Variation known. 


The Point of the Compaſs upon which = fail, and the Varia- 
tion of the Needle known, to find the Rhomb or Degree upon 
* which the Ship hath made ber way. 


T is beſt that the Needle, or Wiers be placed direAly under the 
Flower-de-luce, or North and South Points of the Card, and ſo in 
the Rules following we preſuppoſe them to be. Now then it is 
to be underſtood, that the Needle having Variation (as for the moſt 
it hath) the Ship doth not make her way upon that Rhomb, or 
Point of the Compaſs, which ſhe ſeems to ſail upen, but either more 
to the Right-hand, or to the Left, according as the Variation is towards 
the Right-hand, or towards the Left, and that ſo much towards 
the one fide, or towards the other, as that Variation is: We ſpeak not 
here of Leeward-way, but of the Variation only. Therefore for the 
Solution of this Problem, you muſt know how much the Variation is 
and which way ; and how this may be done, we have briefly ſhewed 
_ the 12th Caſe of Right-angled Spherical Triangles, and the 117 
Oblique; which known, you may find the Angle of the Rhomb, or 
Line of your Ship's way with the Meridian, being the thing in this 
Problem required. 
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A Table of 'the Angles of every Point and half Point 
of the Compaſs with the Meridian, \, 


< RPA x HANK VE 

£ "North. _ South. bo oo | North. South. 

T . 05 37 

1 | N. byE. | S$.byW. 11 15] N.byW. |S. by E. 

15 I6 52 

2 | N.N.E $.SW. [22 28] N.N.W. | S.S.E. 

21 28 07 Py 

3 | N.E. by NS. W. by 8. 32 45 |N.W.byN. S.E.by S. | 

35 39 22 

4 N.E. S.W. 45 © NIV. S.E. | 

4c | 50 37 

5 | N. E.by ENS.W. by W.156 15 [N.W.by W.| S.E.by E. 

_— ————_—_ — } — —— |} ——— I—_—_——_ ——- 

5% 61 52 

6 | ENE. |W.SW, 167 30 W.NW. | ESE. 

65 3 07 wi | 

E: _E. by N. | W.byS. 178 45} W.byN. | E.byS. 

75 64. 22 

8 | Eaft.. | Weſt. {go oo| Weſt. | Euft. | 
Add Eaſt Variation, Fad Weſt Variation, 

| Subtra&t Weſt, Subtra& Eaft. 


For the effet whereof,we will ſet down two ways ; the one by tie 
Pen alone, the other inſtrumentally. If you do it by the Pen alone, al 
though it be not hard to find what Angle every Point or half Polnt 
makes with the Meridian ; yet for your farther eaſe herein, I have 
expreſſed the ſame in the Table before going; the Quarters of Points | 
[ have omitred, becauſe the Steerage upon a quarter of a Point is vely 
uncertain, (the Points being undivided; as uſually they are; ) #0r1 
Man is able y hisEye to gueſs very nearly which is the middle between 
two Points, but he cannot gueſs ſo' nearly which is the fourth Far 
Yer if you deſire any quarter,you may add to the next before goingaE | 
moſt three degrees, namely, 2 deg. 49 min.. | 

Now then by the Magnetical Rhomb, or Point of the Compabs, - 
arla 
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The Sum is the true Rhomb North Eafterly 
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Variation given, to find the true Rhomb, you are to obſerve theſe rw? 
Kules tollowing, 

1.1f the Rhomb and Variation be both the ſame way from the Meridian, 
(namely, both to the right Hand, or both to the Left ) add them together, 
and that Sum is the true Rhomb from that part of the Meridian. 

Wet if that Sum exceed go degrees, ſubtratt t from 180 Degrees, the 
Remainder is the Rhomb from the oppojute part of the Meridjan. 

2. If the one be towards the right Hand, the other towards the Left, 
'- mg the Variation from the Rhomb, and the Remainder 1s the true 

omb. 

Tet if the Rhomb be the ſmaller Number, ſubtra@ it fromthe Variation, 
and the Remainder is the true Rhomb the other way. 

Theſe Rules I ſhall endeavour to illuſtrate by Examples following. 

But firſt tor diſtin&tion ſake, we ſay,the Kombs or Degrees from the 
North towards the Faft, are towards the right Hand, and ſo trom 
-the South towards the Weſt, bur from the North to the Weltwards on 
the left Hand, and ſo from the South Eaſtwards: For a Man's Face 
being rowards the North, the Eaſt is on his right Hand, and the Welt 
on his Lefr, Ec. 

In like ſort for the Variation of the Compaſs; if it have Eaſterly 
Variation, that is, if the Needle and Flower-de-luce of the Card ſtand 
to the Eaſtwards of the North, we ſay that Variation is towards the 
right Hand; for not only the North Point, but all the other Points 
of the Compaſs dire& a Courſe more towards the right Hand than 
they would do if there were no Variation. And ſo if it have Welterly 
Variation, that is, if the Needle and Flower-de-luce ſtand w the 
Weftwards of the-true North Point of the Horizon, we ſay, that Va- 
riation is towards the left Hand; foraſmuch-as not only the North 
Point, but all the other Points of the Compaſs ſtand more towards the 
left Hand than they would do if there were no Variation. This be- 
ing premiſed, we come to give Examples of the two Rules betore- 
going. Ys 
Example 1. Let the Magnetical Rhomb or Point of the Compals be 
North Eaſt, and the Variation 10 degrees to the Eaſtwards : I demand 
the true Rhomb 2 

Here the Rhomb and Variation are both one ways ; 
that is, both towards the right Hand : therefore d2g. min. 

To the Magnetical khomb being North Eaſterly ——— ——45 co 

Add the Variation Eafterly to co 
55 00 
O 2 Example 
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A Table of 'the Angles of every Point and half Point 
of the Compaſs with the Meridian, 


FE” HORS A. = i 
© | "North. _ South. OO OO North. South. 
15 05 37 2-7 
1 | N. byE. | SbyW. [11 15] N.byW. |S. by E. 
77 METS 16 52| 
2 | N.NE. | $.S.IW. 22 30 N.NW. | S.S.E. | 
T 28 07 FS" 
3 | N.E. by NS. W. by S. 123 45 [N.W.byN.| S.E.by S. 
35 39 22 
N.E. | S.W. bs © N.IV. S.E. | 

4+ 30 37 
5 | N. E.by E.S.W. by W. 156 15 [N.W.by W.) S.E.by E. 
pms PE EY ee UC ee Re R_—— YC Ce——— 
3% 61 52 
6 E.N.E. | W.S.W, 67 30] W.NW. | ESE. 
65 73 07 *& 
7 | E. by N. | W.byS. 78 45| W.byN. | E.bys. 
75 4 22 5 
8 | Eft. Weſt. lgo oo| Weſt. #5 Eaſt. | 

Add Eaſt Variation, ad Weſt Variation} 
| Subtract Weſt, Subrra& Eaſt. 


For the effet whereof,we will ſet down two ways ; the one by the 
Pen alone, the other inſtrumentally. If you do it by the Pen alone, al- 
though it be not hard to find what Angle every Point or half Point 
makes with the Meridian ; yet for your farther eaſe herein, I have 
expreſſed the ſame in the Table before going; the Quarters of Points 
| have omitred, becauſe the Steerage upon a quarter of a Point is very 
uncertain, (the Points being undivided; as uſually they are; ) for a 
Man is able by hisEye to guels very nearly which js the middle between 
two Points, but he cannot gueſs ſo nearly which is the fourth Part. 
Yer if you defire any quarter,you may add to the next before going al- 
moſt three degrees, nameſy, 2 deg. 49 min. 

Now then by the Magnetical Rhomb, or Point of the Compal, and 
ariation 


The Sum is the true Rhomb North Eaſterly 
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Variation given, to find the true Rhomb, you are to obſerve theſe rw? 
Kules tollowing. 

1.1f the Rhomb and Variation be both the ſame way from the Meridian, 
(namely, both to the right Hand, or both to the Left ) add them together, 
and that Sum is the true Rhomb from that part of the Meridian. 

let if that Sum exceed go degrees, ſubtratt ut from 180 Degrees, the 
Remainder is the Rhomb from the oppoſite part of the Meridqzan. 

2. If the one be towards the right 'Hand, the other towards the Left, 
o_ the Variation from the Khomb, and the Remainder 1s the true 

omb. 

Tet if the Rhomb be the ſmaller Number, ſubtra@ it fromthe Variation, 
aud the Remainder is the true Rhomb the other way. 

Theſe Rules I ſhall endeavour to illuſtrate by Examples following. 

But firſt tor diſtinQon ſake, we ſay,the Kombs or Degrees trom the 
North towards the Eaft, are towards the right Hand, and ſo trom 
-the South towards the Weſt, but from the North to the Welſtwards on 
the left Hand, and fo from the South Eaftwards : For a Man's Face 
teing towards the North, the Eaſt is on his right Hand, and the Welt 
01 his Lefr, Ec. 

In like ſort for the Variation of the Compaſs ; if it have Eaſterly 
Variation, that is, if the Needle and Flower-de-luce of the Card ſtand 
to the Eaſtwards of the North, we ſay that Variation is towards the 
nght Hand; for not only the North Point, but all the other Points 
of the Compaſs dire&t a Courſe more towards the right Hand than 
they would do if there were no Variation. And ſo if it have Weſterly 
Variation, that is, if the Needle and Flower-de-luce ſtand w the 
Weſtwards of the-true North Point of the Horizon, we ſay, that Va- 
ration is towards the left Hand; foraſmuch-as not only the North 
Point, but all the other Points of the Compaſs ſtand more towards the 
left Hand than they would do if there were no Variation. This be- 


"og premiſed, we come to give Examples of the two Rules before- 


going. = 
Example 1. Let the Magnetical Rhomb or Point of the Compals be 
North Eaſt, and the Variation 10 degrees to the Eaſtwards : I demand 
the true Rhomb ? 
Here the Rhomb and Variation are both one ways ; 
that is, both towards the right Hand : therefore d2g. min. 
To the Magnetical khomb being North Eaſterly—— ——45 co 
Add the Variation Eafterly to Co 
55 00 
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Example®2. Admit a Ship fails upon the North Point of the Com- 
pais, and that the Variation be 10 deg. to the Eaſtwards ; how doth 


ihe make her way ? . deg. min. 
The Magnertical Rhomb is North ; that is, —_ CO ©0 
To which adding the Eaſterly Variation =— —— 1 v0 


The Sum is the Angle trom the North part 
of the Meridian to the Eaftwards 

"Which is almoſt N. by E. and ſo hath the Ship made her way. 
Example 2. Let the Point of the Compaſs be Eaſt; Point Northerly, 

that is, from the North to the Eaſtwards 7 3 Points, which is 84 deg, 

22 min. and the Variation, as before, 10 deg. to the Eaſtwards, I de- 

mand the true Rhomb ? 

To the Magnetical Rhomb, being North Eaſt 
Add the Eaſterly Variation 


'The Sum is the Angle from the North 

Which ſubtraQted from, 

There reſts the true Rhomb South Eafterly —— 8 38 

Exampie 4. Let the Courſe by the Compaſs be Weſt and by South; 
that is, 7 Points from the South to the Weſtwards, or 78 deg. 45 min. 
and ler the Variation be as before, 10 deg; to the Eaſtwards ; what is 
the true Rhomb ? 


lo ©0 


—_——, 2 


A————— 


To the Magnetical Rhomb South Weſterly ——— 7 45 
Add the Eafterly Variation Io 00 
The Sum is the true Rhomb South Weſterly — 8 45 


You,may conceive that the Rhomb and Variation are here both one 
way, namely, both from the Meridian towards the right hand. For 
the Variation of the North Point is from the North towards the Faſt, 
and conſequently of the South Point from the South towards the Weſt, 
both rowards the right Hand of the Meridian, as the Rhomb is. 

Example 5. Let the Courſe by the Compals be Welt, that is, from 
the South to the Weſtwards 8 Points, or 90 Degrees, and ler the Va- 
riation be as before, 10 deg. to the Eaſtwards; I would know the 
true Courſe or Rhomb ? 

To-the Magnetical Rhomb South Weſt 

Add the Variation Eafterly ——— 

The Sum is the Angle with mw], 

Mal et mu ——— 100 

Which ſubtrafted' from —— a—_— cc JO 00 

There. teſts the true Rhomb North Weſt = ——— co 


Example 


99 ©0 
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Example 6. Let the Courſe by the Compaſs be Wet ; that is, from 


the North to the VVeſtwards 8 Points, or 90 Degrees, and let the Va- 
riation be 10 deg. to the Weſtwards , I demand the true Rhomb ? 


| deg. min. 
To the Magnetical Rhomb North Weſt _ 90 | 00 
Add the Variation Weſterly —— ——— — IO co 
The Sum is _ = —_ OO 
Which ſubtratted from — m=— —— ]} <o 
There remains the true Rhomb South Weſt — ———— YO co 


0bjef. The Magnetical Rhomb being here Weſt 9o deg. why. ſhould 
it not as well be counted from the South, as from the North? 

Anſw. It may be counted from either : foras it iscounted here from 
the North to the Weſtwards, it falls under the firſt Rule, becauſe the 
Variation is the ſame way ; but if it be reckoned from the South to the 
Veſtwards, it falls under the ſecond Rule, whereof we now come to- 

ive ſome Examples, ſuppoſing theſe already given ſufficient to illu- 
the firſt Rule. 


Example 7. Let the Point of the Compaſs be N. N. W. and the: 
Variation 10 deg. Eaſterly ; I demand the true Rhomb ? 
From the Magnetical Rhomb North Weſt m— 20 
Subtratt the Eaſterly Variation —=—— 0 
The Remainder is the true Rhomb North Weft. =—— 12: 30 


Example 8. Let the Point of the Compaſs-be North, and the Vari- 
ation Eaſterly 10 deg. what is the true Rhomb ? 
From the Eaſterly Variation —— —— nn—_— 0 
Subtrat the Magnetical Rhomb N. W. 00 OO 
The Remainder is the true Rhomb 
the.other way, namely, N. E. 


0bjef7. The Magnetical Rhomb my as well be: named North Eafſt- 
aly o deg, o min. Arſe. It may ;- but then it is ſubjeRt to the firlt. 
Rule, as in the ſecond Example. 
Example 9. Let the Courſe by the Compaſs be Weſt, that is, from 
the North to the Weſtwards, 8 Points, or go Degrees; and ler the Va- 
Trl be as before, 10 deg. to the Eaſtwards; what is the true- 
> 


From 


Io OO 


LES 
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f | deg. Min, 
From the Magnetical Rhomb N. VV- - — YO 00 
Subtra& the Eaſterly Variation = ——— — — 10 00 
There reſts the true Rhomb N. VV. ——_— — 80 _ ©0 


Here the Magnetical Rhomb mightas well have been South VVeſterly 
90 deg. and {0 it had fallen under the firſt Rule, as in the 57h Example, 
Example 10.Let the Courſe by the Compals be VVelt, that is, from 
the South to the VVeſtwards 8 Points, or 90 Degrees and tet the Va. 
riation be 10 deg. to the VVeſtwards, I demand the true Rhomb ? 


From the Magnetical Rhomb S. W. — 90 00 

Subtra&t the Weſterly Variation——— ——— -—— —— Jo co 

The Remainder is the true Rhomb S. W.—- 80 00 

If the Rhomb here had been reckoned from the North, as in the 
fixth Example, it had fallen under the firſt Rule. 


And this may ſuffice for the illuſtration of the two formerRules in 


the ſolution of this Problem. 

The ſame may alſo more eaſily be reſolved, by ſuch an Inſtrument as 
is here deſcribed, confiſting of two Circles; the one being the nether- 
moſt, divided into 4 Quadrants, and every of thoſe into 9o deg. num- 
bred from the North and South Points towards the Eaſt andWelſr. 

The other, being the uppermoſt, and moveable ahgut the Center, 
divided as the Card of the Go into XXX1I Points, and thoſe a- 

in ſubdivided into Halves or Quarters. For it you turn the North 

'oint of the upper Circle, from the North Point of the lower, ſo many 
Degrees, and the ſame way that the Variation is, and then look in the 
lame upper Circle tor the Magnetical Courſe, or Point of the Compaſs 
pope you ſhall find right under it in thenether Circle, what num- 

r of Degrees the ſame is diſtant from the N. or S. Points of the true 
Meridian towards the E. or W. which is the true Rhomb here requi- 
red. As ſuppoſ2 the Variation to be 10 deg. Eaſterly, and the Courſe 
by the CompaſsEaſt, half a Point Northerly, and there be required rhe 
true Rhomb : I turn to the North Point of the upper Circle from the 
North Point of the lower 10 deg. to the Eaſtwards ; and then I look in 
the upper Circle for Eaſt half a Point Northerly, and right under itin 


the nether Circle I find 85 &eg. and abour one halt numbred from the 
South part of the Meridian rowards the Eaſt, therefore 'I conclude, 
that the true Rhomb required is, from the South towards the 
Eaſt, 85 + deg. and ſomething more. By this you may readily find the 
true Rhomb tor any Courſe and Variation given. 


By 


| —""—_— 
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:c Inſtrument alſo (if you uſe the Pen only, as before we have 
i BY) you ſhall readily ſee when to add, and when'to ſubtratt. 


Chap. XI. To keep a Reckoning of - your Longitude, and ſo to ſet | 
x down a Reckoning by pie and Latitude only. jo 


the Example before given of a Journal, we have in the x 2th and 
laſt Column, expreſſed in ſuch places as it ſeemed moſt requifite, the 
- =_— We come now to ſhew how the ſame may be known 
By the Rhomb and Latitudes groen, to find the Difference of Longitude- 
As Radius is in proportion to the Tangent of the Rhomb; 
$0 is the Difference of Latitude in Meridional Parts, 
To the Difference of Longitude in Minutes. 


As, 


"112 The $caman's Prattice, 
As, let the Rhomb be North Eafterly 48 deg. and ſuppoſe a Ship to 

run upon this Rhomb, from the Larirude of 32 d. 25 m. into the La- 

tirude of 24d. 24m. there is required the Difference of Longit. Here, 


The Meridional Parts anſwering to 34 deg. 24 min. 2209 
The Meridional parts for 22 25 2058 


The Diffrence of Latitude in ſuch parts is - 
'Say then, as Radius 1s in proportion 
To the Tangent of the Rhomb, 7. 48 deg. oo min. 10.0456 
So the Difference of Latitude in Merid. Parts — —— 142 2.1523 


To the Difference of Longitude in Minutes-—=-——158 2.1979 

Theſe Minutes converted into Degrees, are 2 deg. 38 min. which is 
the Difference of Longitude required, as the ſame is exprefled in the 
Journal againſt the 211t of February. 

And thus failing upon one and the ſame Rhomb, you may find the 
Diff. of Longitude , and ſo often as you alter your KRhomb, ſo often 
working by the ſame Rule, you ſhall have all the difference from place 

to place, which added together, make the whole dift. of Longitude. 

Bur you may alſo find the difference of Longit. near enough at one 

* Operation for many ſeveral Rhombs and diſtances, provided that thoſe 
Rhombs differ not much one from another: As in the former Journal 
from February 27, till the 2d of March, I fail by ſeveral Rhombs and 
diſtances from the Latitude of 43 deg. 55 min. into the Latitude of 
48 deg. If you would find the difference of Longitude hereto anlwe- 
rable at one Operation, it may be done by this Rule. 

As the difterence of Longitude in Miles, 

Is to the departure from the Meridian in Miles ; 

90 is the difference of Latitude in Meridional Parts, 

To the difference of Longitude in Minutes. 

As in that Example, the difference of Latitude for all thoſe Courſes, 
as in the North Column — iS 2444+ 

The Departure from the Meridian, as there in the Eaſt Column ap- 
Pers, 1S 6301. 

The Merid. parts for the Latitude of 43 deg. 55 min. are 2939 

The Merid. parts for- theLatitude of 48-deg. 02 min. are 3292 

The Difference of Latitude in Meridional Parts, is 353 
——_ As the Difference of Latitude —— 2444 C0. ar. 6.6119 

o the Departure from the Meridian ——-- — 6301 3-7994 
So the Difference of Latitude in Merid. parts- 252 2.5478 


To the Difterence of Longitude in minutes: >) 2.9591 
> ngl 1 Minutes 91O Whidr 


— . I42 


Which is atmoſt 910m. or 15d. 10m. as before. 
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Which reduced into degrees, is 15 deg, 10min. And added to the 
former Longitude 21 deg. 28 min. gives the preſent Longitude 36 deg, 
38 min. for the 2d of March. 
The like may be done for the Account from the 2d of March to the 
5th of the ſame, &c. , | 
But if your Courſes and Diſtances run, be all near to one and the 
fame Parallel or Latirude, (as in this Journal they are from the 5th of 
March to the 81h, and trom the 87h to the 10th) then it is ſufficient to find 
what Longitude in that Parallel is an{werable to the Miles of Eaſting 
or Weſting, or Departure from the Meridian, by this Rule. 
As the Sine Complement of the Lartirude of that Parallel, 
Is in proportion to Kadius, 
So is the number ot Miles in that Parallel, 
To the Ditterence ot Longirude in minutes. 
As from the 5:hof March to the 87h, the Latitude was near 50 deg. 
the Eafterly diſtance 186 ?. Miles: therefore for the difference of Lon- 
gitude, ſav; 


As Sine Complement the Latitude, /. c. 50 deg. o min. 1919 
To Radius, - 2 
90 is the Departure from the Meridian — 186 8 2.2714 


To the difference of Longitude —— —— -- — — 299 6 3.4633 


Thus it appears, the Difference of Longitude is almoſt 291 minutes, 
which is 4 degrees 51 minutes and this added to the Longitude upon the 
Sthot March, namcly, to 46 degrees 52 minutes, the Sumis 51 degrees 

3 minutes the Longitude for the 8th of March, the like might be done 

r the 1th ot March. 

Ard though this laſt Rule be then fitreſt to be uſed, when your Courſe 
sncar Faſt and Weſt, or your difterence of Latitude little, yer ir may 
alſo be uſed ar other times inſtead of the rwo former, without any great 
Eror,if you take the middle Degree of Latitude, or ſomewhat more, as 
1n the tormer Example. deg. min 


The Latitude upon the 27th of February iS— —--— —- 43 55 

The Latitude upon the 24 of March iS————— - -—— 48 0 

The middle Laricude, or ſomewhat more, is —m—_ 16 
Yay then; 


AS the Sine Complement the Latitude /. c. 45 deg. 10 min. .1595 

To Radius $ 

So the Eaſting or Departure from the Merid. 620 1 2.7994 

To the difference of Longitude — —- — 909 7 3-9599 
And - 
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And thus you may in the 12th and laſt Column of your Journal ſer 
down yourLongitude,ſo often as you think 'it requifite : and ſo in the2 
laſt Columns you ſhall have the Subſtance and principal ſcope of your 
Reckoning; namely, your Latitudes and Longitudes, which wheiſo- 
ever you defire to ſet down in Mercator's Chart, or in the Polar Ch 
or in any other, graduated with degrees of Longitude and Latitude, 
you may readily do it. | 

As if 1 would ſet down theSum of the foreſaid Journal from the-192h 
of February to the 10th of March, I find againſt the 1cth of March the 
Latitude to be 49 deg. 54 min. and the ditterence of Longitude 54 de- 

ees 53 minutes : Therefore in the Latitude of 49 degr. 54 minutes [ 
. an occulr Parallel, and reckoning from Bermxdws towards the Eaſt 
54 degr. 53 minutes, draw by that Longirude an occult Meridian the 
interſeQion of this Meridian with. the aforeſaid ParaMel, is-the Traverſe 


Point, or the Point repreſenting the place of theShip: and-the like is . 


to be underſtood of any other. : 

This form oh, keeping and expreſſing a Reckoning, is (as I conceive) 
moſt apt and agreeable (of all others thatT have ſeen or thoughtupon) 
to all forts of Charts or Maps, and to the G/obe it ſelf; and to all the 


kinds —_ of Sailing, that are or. may be uſed. We will here add: . 


ſome other Propoſitions which may ſometimes be of good and neceſſi- 


ry uſe in it. 


The Rhomb and Difference of Latitude groen, to find by the Table the Di- 
ſtance in the Rhomb, and the Departure from the Meridian” thereto 


anſwerable, &c. | 


O.W to fintl the Northing or Southing, that is, the Diſtance in- 


> Latitude; as alſo the Eaſting or Weſting, that is, the Diſtance 

in Longitude; or Departure, from rhe Meridian of any Rhomh, for-any 
diſtance run upon it, we have before ſhewed: the like Operation is in 
theſe Propoſitions following; namely, . 

2. The Rhomb and Diſtance in Latitude given : to find the Diſtance in 
the Rhomb and the Eaſting or Weſting. 

2. The Diſtance and Difference in Latitude given : to find theDepar- 
ture from the Meridian and the Rhomb. | 

4. The Difference in Latitude and Departure from the Meridiangt 
ven: to find the you's and Diftance. 

5. The Courſe and Departure from the Meridian groen - to find ht 
Difference of Latitude and Diſtance. 
6. The Diſtance and Departure from he Meridian given : to find tht 
Courſerand Difference of Latitude, So 
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So that with the firſt before handled, here are fix Propoſitions, and 
in every. one of them rwo things r<quired ; and ſo they become twelve, 
We will not ſtand to give Examples of them all, but only of thoſe 
which are moſt uſetul, the r-it may be by them conceived. 

And firit, to find the Eaſting or Welting of any Rhomd for any dif- 
ference of Latitude. Admit a Ship run North Faſterly 60 degrees (that 
is, N.E. by E. and almoſt halt a Point Eafterly) till ſhe havealtered the 
Latitude 42 minutes; how much is {he deparred from the Meridian? 

I run down the Column under 60 degrees till I find 42 Miles, or 429 
tenths, and againſt it in the adjacent Col umnl find 720 tenths, that is, al- 
moſt 53Miles; which is theDeparture from theMezidianto thzEaſtwards. 

IO would alio have the Diſtance upon the Rhomb, it is right a- 
gainlt theſe numbers in the Column ot Diſtances, being in this . 
ple 84 Miles. 2 Example. Butadmitiherun North-bafferly 60 degrees 
till the alter her Latitude 1 degree 32 minut-s, what is the Eaſterly di- 
ſtance ? This 1 degree 22 minutes is 92 miles, or 922 tenths; for which 
it] look in the Column under 60 degr:es I find no number fo great, 
but the greateſt number there is 500; wh:ch ſubrrated from 920, there 
tmains 420: therefore in that Column under 60deg. I ge 
look for theſe two numbers, namely 500 and 420, and a , 20.960 
againſt the firſt in the adjacent Column I fiad 566,and i PL, 
a the ſecond 728, which I ſer againſt them as 14 979 1594 
above appeareth z and ſo adding them, I find for this difference of 
Latitude, the Departure from the Meridian to be 159 ++ Miles. 

If further you deſire the Diſtance run upon this Khomb, you-have it 
in the Column of D.ſtances, right againſt the ſame numbers, as in the 


- Example above appeareth, where being added, it amounts to 184 miles. 


The Diſtance and Difference in Latitude given : to find the Rhomb and 
Departure from the Meridian. 


Dmit a Ship run upon ſome Rhomb between the North and the 

"\ Eaſt 84 Miles, and then have altered her Laticude 42 minutes. 

eQueltion is, Upon what Rhomb hath ſhe run,and how manyMiles 
is ſhe to the Faſtwards in Longitude? 

I run croſs the Table cowards the Right hand, looking in every firft 
Column of Diſtances for 84, till I find againſt it in one of the adjacent 
Columns 420 ; at the Top of which Column over 420, there is 60 de- 
gees ſhewing theRhomb to be North Eafterly 60 degrees; alſo agai 
420 in the adjacent Column, I find 728, which ſheweth the Diſtance 
to the Eaſtwards to be almoſt 73 Miles. 

P 2 2 Example, 
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2 Example. But if the Diſtance run be 184 Miles, and the Difference 
of Latitude 1 deg. 32min. and there be required the Rhomb- and Diſtance 
to the Faſtward? 

Becauſe the Column of Diſtance extends but to 100 Miles, and the 
Diſtance here given is 184 Miles, you may take the half thereof which 
is 92 Miles, and likewiſe the halt of 1 deg. 32 min. which is 46 Miles, 
or 460 tenths; and then look, as betore, where you tind 460 againſt 92, 
for there in the Top of the Column you ſhall find the Khomb, which 
in this Example is 60 deg. ſhewing that the Khomb is from the North 
Eaſterly 60 deg. and in the adjacent Column againſt 92 and 460, you 
ſhall find 997, which doubled (becauſe it is for the halt) is 1594, ſhew- 
ing that the Departure from the Meridian to the Eaſtwards is 159 4 
Miles. Theſe and the reſt may allo be pertormed by the Dot7rine of 
Plain Triangles, as we have tormetly ſhewed. 


CHAT. All 


Lthough the Time be already expired which I affigned for this 

A Work, and mine own more urgent occaſions call me away, yet 

ſeeing it is neceſſary in Navigation to take notice of Currents, and to 

make a competent Allowance for them, I will briefly ſet down certain 

Problems,ſuch as I have ſometimes thought upon,whereby a Man may 

the better conceive and judge of that Allowance, the rather tor that I 
know not any that have handled iz. 

Firſt then,it is to be conceived, that a Ship, or other Veſſel ſailing or 
rowing where there is a Current, hath a compound mortion arifing of 
two difterent Principles; namely, of the Current and Ship's way : fo 
that here are three motions to be conſidered, namely, wwo fimple, and 
the third compound of them. The firſt fimple Motion is that. of the Cur- 
rent, whereby it moveth, .and is apt to move other things that are in it 
the ſame way. The ſecond. of the Ship or Boat, as it moveth by Wind 
or Oars, or is apt to be moved, if there were no Current. The third, 
compound of them, is the Line of the Ship's trae Motion. The firſt we 
call the Way or Motions of the.Current; the ſecond, the Way or ſimple 
Motion of the Ship; the third her compound or true Way. The two 
ſimple Motions being either of them according to right Lines, and uni- 
formasin the the Problems following we ſuppoſe them to be. The third al- 
ſo, which is compoſed of them, isa right Line; tor whether the Ship fail 
dire&tly:oppoſite, againſt the Current, or direftly with it the ſame way, 
or whether the onEcrols.the other at Right-Angles or at Oblique ; yet 
fill either motion being direQ:and-uniform,they. both together beget 4 
right-lin'dt uniform motion, becauſe the one retaineth to the other, ar 
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and the fame proportion in every Point: And according to theſe grounds 
we procecd in the Problems following, to determine the Proportions of 
every of th<1e motions, and the Angles they make one with another. 


| 1. Admt a Current runKaſt 2 Miles an Hour, and that a Ship under 


Sail ran Weil direitly againſt it 6 Miles an Hour in ber ſimple Mott- 


on, W hat is her 1Fue or compound Motion ? 
From the Ship s fhinple motion — —— — — —- 6 miles, 


he Remainder is te Ship's true motion 3 miles. 
Ss the Ships true Way 's to rhe Welſtwards 3 miles an Hour. 

2. Admit a Current run T\eft 5 Miles an Hour, and that a Ship under 
Sajl run direttly againſt it 5 Miles an Hour by the Leg : What ts the 
Ship's compound Motion, and which way ? 


from the Current, being the greater -—--- —-——6 Miles, 
SubtraCt the Ship's ſimple motion — 5 Miles; 
There remains the Ship's true motion—— --— —— 1 Mile. 


Which 1 mile ſhews, that the Ship by her compound motion falls 
altern, that is, moves-to- the Weſtwards 1. mile an Hour. 

In the experimental PraCtice of the two former Problems it may ſeem, 
that a Ship or Boat ſo ordered, hath alſo a motion to the right-hand or 
to the left ; but this comes to paſs, becauſe it is hard, and in a manner 
impoſſible to ſtem a Tide or Stream ſo-exaQtly, but that the Ship will 
ſwerve (or yaw, as they ſay) either to one fide or to the other. 

3 Admit a Current run Eaſt 2 Miles an Hour, and that the Ship alſo run 

Eaft 2 Miles an Hour by the Log ;, What is the Ship's true motion? 


To the Ship's fimple motion -—— — — m—_— 3 Miles, 
Add the Current — — ——— — —— —-— 2} Miles; 
The Sum is the Ship's true motion —- — —— — — ——8 Miles. 


So the Ship's Compound or true Way, is Eaſt 6 miles an Hour. 
& Admit a Current run Eaſt 2 Miles an Hour, and the Ship South fix 
iles an Hour : What is the Ship's true motion, and which way © 
In handling of any Art to avoid circumlocution, there are uſed Terms 
or Words of Art, ſerving to expreſs briefly the bw And for- 
almuchas thisSubje&t hath not been formerly handled,nor thePrinciples 
or Grounds thereof laid (fo far as I know) we will add a few ſuch Terms 
8 may ſeem moſt neceſſary, expreſſing here what we mean by them. 
Let the Line AB run from A to the Southwords, and BD:from-B* to- 
ae Faſtwards; and let AB bein proportion ro BD, as 5to 2, of 3 to 1: 
Then doth AB repreſent the Line of the Ship's fimple motion; BD 


the motion of the Current, and-AD the compound motion of the Ships 


nd. DAB is the Angle contained between the Line.os-the Ship's 
fimple- 
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fimple motion, and the Line of her compound or true 
mM Z Meow which for brevity ſake we will henceforth call 
the Angle of Deflettion. Alſo ADB isthe Angle con- 
tained berween the Line of the Ship's compound moi. 
on, and the ſer or drift .of the Current which we 
call the Ang/e of Reflefion. 
Laſtly, ABD 1s the Angle contained between the Line 
of the Ship's imple Monion, and the ſet of theCurrent, 
which we will call the Angle of Incidence. 


Then for the Rhomb, the proportion is thus » 
A\ As the ſimple Motion—A4B 6 Miles—co. ar.—9.2219 
Is to the Current -BD 2 Miles -— 0.3011 


S0 isRadius, 

To the Tangent of DefleCtion 7. DAB 18 deg. 26 min.——=9.;230 
So the Rhomb upon which rhe Ship makes her way good, is South 

18 deg. 26 min. Eaſterly, that is, S.S.E. 4 deg. 4 min. Southerly, 


2. For the Ship's true Way, or compound Motion. 
As the Sine of the DefleQtion /. DAB 18 deg. 26 min.———0.5000 


To the Current —--DB 2 Miles —— —0.2011 
-So Radius, ey 
To the true Motion ——-AD 6 533- — 0.8011 


So the Ship's Compound Motion is 6:3? Miles hourly, that is 6: 
Miles almoſt. 


5. A Ship failsWeſt 5 days together, by the Log. 725 Miles : bat there 
1s a Current all this while ſetting to the Southwards 14 Miles an Hour : 


1 demand bow ſhe hath ſailed, and how far? 
The Current ſerting 1; Mile an Hour, ſets in 5.days 180 Miles: There- 


fore, | 
As the ſimple Motion AB725 Miles -=—.139) 
Is to the Current - DB180 Miles - 2.2553 
So isRadius, —— 
To the Tangent of DefleQtion z.----DAB 13 deg. 57 min. 9.3950 
For the Diſtance. 
As Sine Compl. the defletion /e. DAB 13 deg. 57 min. 0.0139 
Is to the imple Motion ——- B 727 Miles ——--2,8603 
$0 is Radius, — 
To the compound Motion AD747 Miles —-———2.8733 


So the Ships true way is Weſt ſoutherly 13 deg. 57 min. or South 
welterly 76 te 


- 03 min. Miles. 
03 147 4A 
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6. A Ship fails Weſt 5 days together, by the Log 7525 Miles, in aCur- 
rem ſetting to the ſouthwards, and then finds that ſhe bath altered 
her Latitude 3 degrees; I demand the Motion of the Current, the 
true Rhomb, and true way of the Ship ? 


This Queſtion differeth little from the former , for ſecing the diffe- 
rence of Latitude is 2 'deg. the motion of the Current is 180 Miles ; 
ſ there-is given the Ship's fimple motion, and the motion of the 
Current, as- before, &c. 

7. 4 my in 6 Hours ſails from a certain Cape or Headland South, 20 
Miles by the Log, in a Current ſerting Eaſterly ;, and then obſerving 
the ſame Cape, he finds that it bears N.N.W. I demand how faſt that 
Current ſets, and how far Jhe hath ſailed? 


As let a Ship fail from A towards B South 30 Miles, but. by means 
of the Current ſhe is driven more _— namely toD ; from whence 
ſetting the Cape A, it is found to bear N.N.W. And ſeeing the Current 
ſets from B towards D Eaſterly ; therefore the Angle of RefetionBDA 
is6 Points, that is 67 deg. 30 min. Here thenis demanded the Diſtance 
AD, and the drift of the Current in that time BD. 


As the Sine of the Angle of Reflettion /. BAD 67d. 30 min—.0344 
To the fimp!e Motion of the Ship AB 30 Miles — 
Þ the Sine of the Angle of Deflection /. DAB 224. 30min-—9.5726 
To the Motion of the Current BD 12+!'% — — — 1.0851 


And further, 
As the Sine of the Angle of RefleCtions /. BDA 67 d. 30 m. -.0344 
To the Diſtance run by the Log. AB 30 miles, ——— —— 71,4771 
$ is Radius, 
To the compound Morion of the Ship AD 32 +$7—— 1.5115 


And thus we find that Current to ſet 12+ *5, © that is near 12: Miles 
n 6 Hours, and the Diſtance run to be 32: Miles almoſt. 

That the thing may, be conceived, we will ule two or three Exam-: 
plez more familiar and obvious to every Man's Experience, yet groun- 
ded upon the ſame Principles and Reaſons. 


8. Admit that Tulis-ſtairs bear from Billingſgate-ſtairs S.W. ſouther!y ; 
namely, South-weſterly 45 Degrees, and be diſtant 80 Poles, and jup- 
poſe the Tide of Ebb to runtbere Eaſtward 2 Miles an Hour, and that a 
pairof Oars rowing 4 mules anHour, would go treight over from the firſt 
tothe ſecond : how ſhall they row over ,, namely, upon what Deg. or Point 
of theCompaſs, and how far ſhall they raw toget thither, and in what oy ? 
et 
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HA. - ES Is E 
Let A repreſent Bi/lingſgate-ftairs, D Tulis-ftairs, AE the ſimple 
Motion of the Boat, ED the Motion of the Current , then is A the 
Angle of DefleQtion, E the Angle of Incidence, D the Angle of Re- 
flettion, 130 deg.-or 50 deg, | 


As the fimple motion of the Boat---AE 4 7 miles -9.34679 
Is ro the motion of the Tide DE 2 + miles -0.39794 
So the Sine of RefleQtion ——-Ds 50 deg. ..---9.88425 
To the Sine of DefleQion As 23 deg. 3 min. —— 9.62098 


hus then the Poſition from A to D, being Sourh-Weſterly 40 deg, 

(an Angle of DefleQtion A 23 deg. 2 min. the Poſition from A to- 
| E, is South-w:ſterly 63 deg. 2 min. that is, W.S.IV. Southerly: 
And ſo much thoſe Oars row to go ſtraight over. 
Secondly, for the Diſtance AE. | 

From the Angle of tetiettion D 5odez. oo min. 
Subtratt the Angle of deflettion ———----A 22 deg. 03 mit. 
And thzze reiis the Angle of Incidence - ———- E 25 deg. 57 min. 
As the Sine of Incidence JE 26 deg, 57 Min--———— 0.24370 
To the rrue diſtance AD 80 Poles, —_ c_—- gz 
90 the Sine of DefleCtion--- . D 50 deg. 00 min. —— —— 9.88425 


To the ſimple motion — 2.13104 


- AE 135+; Poles - 2.13104 
: Laſlly, for the Time, 
—_ 320 Poles make a Mile, and. they row 4-- miles an hour, it* } 
IS 1440 Poles in an hour ; ſo the proportioy is, 


As the imple hourly motion — 1440 _ 6.8416 
To the fimple motion before found'——1 25 ; ? 


So is an hour in minutes, namely, 60 MIN. — 1.7761 
— —_— —— 
To the time required in minutes — 0.750? 


And ſo long will they be rowing over. 

9. But ſuppoſe they row harder, to go a ſhorter cut, namely, 10 £0 | 
South-weſt by Weſt : How faſt muft they row togo ſtraight over, and 

bow far, and mm what time ? Then 


| 


and the Angle of 


+ To the motion of the Tide - DE 24 miles 
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Then ſeeing the Pofiri on from A to D is South-welterly 40 degrees 
and South welt by Weſt is South-weſterly 56 deg.-15 min. :rherefore the 
Angle of DefleCtion at A, is 16 deg. 15 min. the Angle of Refletion D 
as before, 5odeg. oo min. the Angle of IncidenceE is 33 deg. 45 min. 
As the Sine of DetieQion .A 16 deg. 15 minutes ——,55211 
p | -—0139794 
$0 the Sine of the Angle of Reflettion D 50 deg. o min.- —— 9.88425 
To the fimple hourly motion of the Boat AE 614% — - —— 0.83530 

And ſuch is the hourly motion of the Boat, namely, 6+ 72% miles in 
an Hour. 


Secondly, for the ſimple Motion- 


| ks 8 Sine of Incidence + JS-E 33 deg. 45 min. 25526 
Is to the true diſtance AD 80 Poles 1.90309 
$ is the Sine .of Refleftion FL. D 50 deg. oo min. 9.88425 
To the fimple Motion AE 110,4 Poles 2.94360 


Thus it appears they muſt row 1107! Poles to get over. 
Laſtly, for the Time. 


' The hourly Motion before found 6.444 reduced 


into Poles, is G 2,190, 
As the fimple hourly motion 21909 6.65956 
ls in proportion to an hour, or 60 min. 1.77815 
5 is the fimple motion before found 11042; 2.094.260 
Tothe time required 372 *+ min. 0.48031 


And ſo long they will be rowing over. 


10. But admit a Scullar rowing 2 miles and hour, would croſs ſtreight 
over at the ſame time, upon what Point muſt he.row, and how far, to 
get thither, and in what time will he do it ? 


Firft, for the Angle of Poſition. 


As the hourly motion of the Boat AE 2 miles . 9.52288 
To the Sine of RefleQion DF 50 deg, 9.88425 
$0 is the hourly motion of the Stream DE 2+ min. 0.39794 
To the Sine of DefleQtion Af. 32 deg. 40 min. 9.10507 


Now ſeeing the Poſition from Bi/lingſgate to Tuli-ftairs, namely, 
from A to D, is by Ly to the nk of the South 40 deg. 
ettion A is here found to be 39 deg. 40 min. 

Q therefore 
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therefore the Poſition from A to E is from the South to the Weſtwards 
76 deg. 40 min. which is W. and by S. and almoſt 1 deg. Weſterly 
and ſo muſt that Sculler row to go ſtreight over 


Secondly, for the Diſtance DE. deg. min. 
From the Angle dee / D m 00 

Subtract the Angle of Defietion A 29 40 

There reſts-the Angle of Incidence E ro 20 
AS the Sine of Incidence JE. 10 deg, 20 min. $74624 
To the true diſtance AD 80 Poles I.g0309 
0 is the Sine of RefleCtion /D 50 deg. 00 min. 9.88425 
To the ſimple motion AE 341 {. Poles 2.258 


And thus it appears, that though the diſtance of the two places be * 
but 80 Poles, yer, if according to the Queſtion, he rows bur after 
3 miles an hour, and the Stream ſet atter 2 * miles an hour, then he 
muſt row 2414; Poles, to go ſtreight over. 


Laſtly, for the Time. 
Three miles are 960 Poles; ſay then, 


As the fimple hourly motion 960 7.01772 
To the fimple motion before found 341+% $53258 
So is an hour in minutes, namely 62min. 1.77815 

To the Time required in minutes 211k; 1.32946 


And thus it appears, that the time requiſite to row over, rowing 3 
miles an hour, is 21 +. minutes ; whereas we found before; that row- 
ing there 4: miles an hour, they might row over in - 55}; minutes, 
which is little more than a fourth part of the Time. 

There might be. other, and that great variety of Queſtions of this na- 
ture propoſed and reſolved, many of good uſe in PraQtice, which, the- 
Watermen, by daily experience without other Rules, are able to guels 
at ſomething nearly, ſufficing for their occaſions: My intent in thele 
eſpecially, 1s to*explicate the compound Marion of a Ship, or other 
Veſlel, Fin or rowing where there is a Current; which 4 ſuch ta- 


. 


miljar Examples may ſeem more evident. I cannot infiſt upon them 
by reaſcn of my other occaſions, nor ſpend that time in thefe here hand- 
led, which elſe I ſhould have done ; whence if any dete& or miſtake 
ſhould ariſe if the Reader be pleaſed ro give me friendly notice of it, 
L ſhall as thankfully acceprit, and reform it. We purpoſe next a Quet- 
tion at Se2. which ler he this. 'S 


= I 
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14, There is a Current at Sea, ſetting Eaſt 12 mules in 24 bours, a 
Ship fails in the time from a certain Port Weſt South Weſt ſix days, a 
then returning thence, and ſailing North Eaſt and by North 3 days, 
falls with the Port from whence ſhe firſt departed : I demand what ber 
Dead Reckoning was outwards, and what back again, and bow far theſe 
troo Ports were aſunder, and upon tohat Point ofthe Compaſs ? 


Is. E 


A 


As, let the Current ſet from E towards D, and let the firſt Port be 
4, the ſecond F, and let the Courſe outwards bound be repreſented 
by AE, and the Courſe homeward by DA, Ec. 

And fordſmuch as DE, is an Eaſt and Weſt Line, and AE Weſt South 
Weſt, therefore the Angle at E is 22 deg. 30 min. and by the like rea- 
ſon, the Angle, at D is 123 deg. 45 min. or 56 deg. 15 min. and the 
Angle at A 33 degrees 45 minutes and ED, being the ſerting of the 
Current for 9 days, is 108 miles. 


Firſt then, for the Dead Reckoning outwerds, namely, AE. 


As the Sine of the Angle at A/. 33 degrees 45 minutes «25526 
To the Line DE 180 miles 2.03342 
$0 is the Sine of the Angle D/. 56 deg. 15 min. 9.91985 
To the Line AE 7475 miles 2.2c853 
Thus AE his Dead Reckoning outwards is 161;45. 
Secondly, for AD. 
As the Sine of the Angle DAE { 33 deg. 45 min. 225526 
4 to the 20 DE I Bak miles 2.03342 
is the Sing of the Angle DEA/. 22 deg. 30 minutes 9.5828 
To the Line AD +.. miles 1.871 > 


Which 744., miles is the dead Reckoning homewards. 
Q 2 Thirdly, 
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Therdly, for the Angle DAF or DFA 


The fide AD is found 74*. miles 

The fide DF tor three days in 36 miles. 

The Sum of toth is 1107, 

Their difference is 387, 

The Sum of the Angles DAF and DEA 56 degrees 15 minutes. 
The halt Sum 1s- ” 28 degrees 7-; minutes. 


The Propertion, 


As the Sum of their fides 110-4 7-95703 
is to their diftezxence 25 Fo 1.58432 
So is the Tangent of 28 deg. 0734, 9.72706 
To the Tangent of 10d. 22m. 9.26932 


Which added together, make the Angle DFA 28 degrees 29-.. 

And ſeeing the Khomb from F to D, is Eaſt, and the Angel DFA 
28 degrees 39 minutes; therefore the Rhomb from F to A is to the 
North-wards:of the Eaſt 28 degrees 29 minutes; ; that is, N.E. by E. 
almoſt half a Point Northerly., which is the Rhomb from the ſecond 
Port tothe firſt; | 


Laſtly, for AF the diſtance of theſe two Ports. 


As the Sine of the Angle DFA J/. 38 deg. 291 -20434 
To the-dead Reckoning + : 

homewards - AD 74%; miles 1.87152 
So-1s:the Sine of the Angle = 56 degrees 15 minutes 9:91985 
To-the diſtance AF 99+, miles 1.99571 


Thus the true diſtance of thoſe two Ports is 99 miles, and ſomewhat 
more. 'Sundry other Queſtions of like nature might be propoſed, which 
to. him that-well underſtand theſe, will not be difficult. Theſe Princi- 
ples a little enlarged, may further with a few Experiments be appli- 
ed in the diſcovety of ſome Myſteries.in compound Motion, not yet 
divulged, tho much endeavoured by ſundry famous Men in ſeveral parts 
of Europe , but theſe we ſhall not touch at preſent. 


12: To find where thore is a-Current at Sea; - alſo which way it ſets, 
_ and how faſt. | 


- This- 


- 
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This may be done by comparing the Reckonings outwards with the 
Reckonings homewards, whereof we ſhall give an Example or two. 

Firſt, Admit a Ship ſail from a certain Pot, by one or ſeveral Rhombs 
or diſtances, till ſhe arrive at the ſecond, and there find; reckoning by 
Courſe and- diſtance, that ſhe is more Southerly than the Port from 
which ſhe departed by 541 Miles, and more Weſterly by 145 _ 
But by his Reckoning homewards, when he arrives again at the firſt 
Place, he finds himſelt to the Northwards of the ſecond: 541 Miles, as 
before, and to the Eaſtwards 305 Miles. Now ſuppoſing he was 2 
days outward Bound, and 5 days homewards Bound, - I] would know 
which way the Current ſets, and how faſt: Here, becauſe the Eaſter: 
ly diſtance homewards is greater than/the Weſterly diſtance outwards, 
therefore from @he Eaſterly diſtance 205 miles, ſubtratt the Weſterly 
diſtance 145 miles, the Remainder being 160 miles, is the motion of 
the Current to the Weſtwards. 

And thus-it appears, that the Current ſets to the Weſtwards, 150 
. miles in 8 days, that is 20 miles a day, or + of a mile-every hour. 

Example 2. Admit a Ship fail from Bermudws, by ſeveral Rhombs 
and diſtances, till ſhe arrive at Cape Cod in New Eng/and, namel 
from the Eaſt part of Bermudws, (the Variation being allowed) fi 
North : 20 miles, and then N.N.W. 150 miles, the ſecond 'day 
N. by W. 180 miles, the third day North 90 miles, the * fourth day 
North-Eaſt 88 mites, and ſo arrive at —_— Then by theſe Cour- 
ſes and diſtances we may gather by the,following Table, that Cape Cad 
ſhould by this Reckoning be to the Northwards 487 miles, and tothe 
Weſtwards 30 miles, as here-appears. 


po” '"" 55 7 _ outh.\Eaft. Weſt. . 
(North  20Miles—— en— Cc 
| [Notth North weſt 150Miles —-——-—|r23 {—}—[57 4 
North by Weſt 18cMiles —— —|176 5 35 1 
North go Miles — go C 
North Eaſt 88 Miles ——=—— -—-| 62 2162 2 
528 Miles|487 2: 02 292 5 
62 2] 


26. | The $a-man's Paactive. 
Now ſuppoſe ſhe fail back again from Cape Cod towards Bermadzy, 
the firſt day S.S.W. 150 Miles, the ſecond day $.S.W. 160 Miles, the 
third day S. by W. 130 Miles, the fourth day South 140 Miles, the 
fifth day Eaſt 11a Miles, and ſo ſhe come again to the Eaſt part of 


Bermuduns. 


North South|Ea t.We , 


uth W. 150 Miles ——— ———|— 
outh by W. 130 Miles —_— 


= — | n= ——_— 


outh 140 Miles - — —— — -— —— [140.0 —f-— 
Faft 110 Miles - acraradanny aaa ima |... 
; 690 Miles ———) 54.0/110.0þ44.0 


— 
_ FT 
Theſe Courſes and diſtances make as here appeareth,Bermudz to be to 
the Southwards of Cape Cod 554 Miles,and to the Weſtwards 3e Miles. 
Therefore by this laſt Reckoning back again, Cape Cod ſhould he to 
the Northwards-of Bermudus Long, (rey, to the Faftwands 24Miles, 
whereas by the former Reckoning outwards it was to the North 
only 487 Miles, and to the Weſtwards 30 Miles ; To that the di 
ference of theſe two roma outwards and back again, is 67 Miles 
Northerly, and 64 Miles Eaſterly ; waich ſheweth that the 
in that time, namely, in 9 days, hath fer to the Northwards 67 Miles, 
and to the Eaſtwards 64 Miles; that is, North Eaft a little Northerly, 
93 _ as by the foregoing Table doth appear, which is 10: Miles, 
every day. 
And what we have here done by the Tables, might have been done 
. . (as the foregoing Problems) by the Do#rine of Plain Trunxgles. 
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Unfolding the 


Principal Myſteries thereof ; 


In the Reſolution of 
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By RICHARD NORWOOD, 
Reader of tke MATHEMATICKS. © 
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LOND O N: 


Printed for Richard Mount, at the 
Poſtern, on Tower Hill, 


To the Right Honourable,. 


Fames Marqueſle of Hamilton, Duke of 
Chartelravt, Earle of Cambridge,and Shou ,Lord 


of Ennerdale, Evenaale, Arbr oth and Kenile, 


Gent.of the Kings Bed- Chamber, and one of 
his Majeſtics moſt Honorable Privy 
Counſell, Steward of the Honor of 
Hampton Come and Port/month, 

Great Maſter of his Mati=5-horſe, 
and Knight of the molt noble 
Order of the Garter, 


_ Kigh t Honourable, 


Onſidering how largely 
the precepts of Fortification 
are handled by ſundry Au- 
thors in other Janguages, 
and how little1sto be found 
thereof in our Englitl: 
rongue : I thought it nei. 
ther fruicleſſe nor unſcaſonable, to publith 
Az theſe 


The Epiſtle Dedicatory. 
theſe collections and obſervations which 1 
had formerly made. Wherein though I chiefly 
aimed to ſhew the application of the doctrine 
of Triangles, according to that late invention 
of Logarithmes ; Yet have I not pretermitted 
other - things neceſſary for the better under- 
ſtanding and praftiſe thereof: Which Ipre- 
ſume not to preſent unto your Honour for the 
worth of it; But in reſpect of your Lordſhips 
knowledge in che Mathematicks in generall, 
and your more ſpeciall experience in Militay 
affaires, I am emboldned to craveyour Honos 
rable patronage. The Lord of allthingsand 
King 1immorrtall preſerve your Lord{hip in all 
happineſſe unto his Heavenly kingdome, So 
prayeth 


Your FZonoys 


in all due obſervance 8 


Rich. Norwood. 


| 
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y : \/; C: vention of Logarithmes , no bs. 
058 Ps rooured to make application thereof 
| Ps ; ſundry parts of the Mathema- 
tickes, and amongſt the reſt in Fortification, 
| Wherein 7 uſed the more diligence, that 7 might give 
 ſatisfaFion to ſuch as 7 inſtrufted therein. And this 
| 4s the principal occaſion of compiling this enſuing 
Treatiſe, which lying by me certaine yeares, 7 have 
beene importuned by ſome friends to publiſh for a 
more common good , whereunto 7 harve the rather 
Jeelded, foraſmuch as there is ſo little extant in our 
Engliſh congue of this ſubjet, 7 profeſſe net herein 
any skill extraordinary; but as it ts incident to moſt 
 meninVvarietie of ſtuddies, to bend themſelves more 
eſpecially to ſome one : ſo 7 conſeſſe, that although by 
reaſon of my Calling ( teaching the Mathematickes 


mLondon) Þ have had occaſion to apply my ſe fe to 
the 


, 1 


—_—— C—_— 6 - - 


—— ——— —— — — —  — — — 


The Epiltle, &c. 
the tnddy and exerciſe of fundry 4rts Mathemati- 
call; Yet more eFþecially to the Optickes, and chiefely 
to that part thereof Which handleth the nature and 
operation of luminous beames by glaſſes refleft:d or 
refrafted, drawn? therennto by a more ſptciall affett;. 
on or inſtin&s. All which notwithſtanding, F have nit 
beene negligent in this ſubje, having beene Jumetimes 
a ſouldier in my youth, thaugh not long, and ſeene ſome 
experience of theſe things though not much; yet that 
little with ſome obſervations of riper yeares which [ 
znce made in the Netherlands, hath ſomewhat fur. 


thered me in handling of it. Beſides, } have peruſed 


ſundry Authors, ſodowing. thoſe chiefely whom F cons. 


ceive to kave ſhewed th: beſt rules, and more moderne 
pratliſe of Fortification- F have endeavoured to be 
fo perfþicuons as [could tn ſo many words, avoyding 
prolixity in this firſt aſSay, till have tryed your en- 
tertainement. In the meane time not doubting, but 
many of our Country men, as well ſuch as are bere reſt 
dent, as others applyinz themſelves to the [urtherance 
of our many plantations abroad, will courteouſly accept 
chis mine endeavour. Farewell, London. 1637, 


FORTE 


EY Z7 TC) BY Ald, y 
=p IJ NI 
JR 


ES, 
4-S 
ASS 


F FORTIFICATION 

's 

"|  ARCHITECTVRE 
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t CHAP. I. 

wn Efore we cometo particular Pro- 

be blemes, we will premiſe ſome 

17 things of more generall uſe, in 


all parts of this enſuing Treatiſe, 
| and firſt 
l] Theproperand more frequent 
termes of this Art, in Engl'ſb, 
=| French, and Latine, 

pt A Fort, French, Fort: Latine, 
Wrx, fortalitium, munitio. A Fortreſle, a ſmall Forr, 
or Caſtle, or Sconce, French Fortreſſe, La. Caſirum 
muniticuncala, munitio C. ampeferis; theſe names, a Fort 
'.. | andFortreſſe and many of thereſt  tollowing are (as it 
F may appeare) borrowed of the French; ſome make a 

diſtintion betweene theſe two names, and would have 
B to 


= a py —_ 
, 
_— oo wy _ 


: (2) 
tobeunderſtood by a Fortreſle, a lit:le Fort or field 
Sconce, butothers uſe them promiſcuouſly, The Ram- 
pire, this isa wall of Earth encloſing the place fortifi- 
ed, whoſe foote or foundation is here marked with a6, 
Fre. Rampart. Lat. YVallum, 
A Cur aine, 0. N, Fr. Cartine, Lat. Cortina. 
A Bulwarke, N.F.G.H.E. Fre. Baition, Boulenert, 
Lat. Propugnacrlum, 
The Front of the Bulwarke, F. G. Fre. Face, pandau 
baſtion. Lat. Facies propuznaculi, 
The Flancke, N. F. Fre. /« Flaxc.. Lat. 414. 
The Gorge of the Bulwarke, or the ſpace betweene- 


9 


(3) 
two flanckes. XN, F, Fre. Gorge du baſtion, Lat. Colum 
ropugnaculi, 

The Gorge line N.C. Fr. ligne du Gorge, Lat. lines 
coli, 

The Headline, C.G. Fr, ligne Capitale. Lat. Linea ca- 

itals, 

The Shoulder F. Fr,Eſþ aule. Lat, Scapula. 

The Diamond point of the Bulwarke, or the flanked 
angle ofthe Bulwarke. G. Fr, Angle. flangue. Lat. An- 
gnlus propuzuaculi, ſeu A ngulus deftnſus. 

The ſecond flanke 0. #. Fr. ſecond flanc. Lat. Als 
Cortina. 

The fixing fixed, or longeſt Line of defence 0.6. Fr. 
Ligne de defenſe fichente, Lat, Linea defenſionts major. 

The ſhorteſt line of defence ſcowring the front, #. G. 
Fr, ligne defenſe flanguante. Lat. linea defenſiont minor. 

The inward flanking angle, F.#.N, Fr. Angle flan- 
guant interieur. Lat. CAngulus defenſions interior, 

The outward flanking angle K. P.G. Fr. Angle flan- 
grant extericur, ow Angle de tenaille, Lat, Angulus de- 
fenſionts exterior. 

A Caſemate, Fr, Cazemate. Lat. Caſa armata. 

The Parapet as namely of the Rampire, Fauſebray 
and Coverat way. Fr.lc Parapet, Lat. Lorica. 

The walke onthe Rampire. Fr. Terre-plein, Lat. 4ms+ 
bulacrum wvalli. 

The ſcarpe, inward or outward, asof the Rainpire, 
pro and ditch. Fr. Talud interiewr os exterieur, 

at. Acclivitas interior vel exterior. 

Palizadoes. Fr, Paliſades, Lat. Swdes 4 19" 

A Barſke or Footc-pace. Fr, Bauquet, Lat. Scam- 
#um, ſcabellum. = 

The Fauſſebray, the breadth whereof is here marked 
B 2 with 


(4) 
with 8. C. Fr, Chemiugcs Rondes, Fanſſebray, Lat, SÞa- 
tium horizontale, ſuccincFus, 
The Brimme of the Ditch, Fr. Lificre, Lat. Margo 
vallt, 
The Ditch,the breadth whereof is here marked with 
d. e. Fr. le Foſſe. Lat, Foſſa, 
The Counterſcarpe, Fr. Contreſcarpe. Lat, Acclivj. 
44s foſſe exterior, 
1he Covert way,the breadth whereof is here marked 
with c. f. Fr. Couridor, au Chemin covert, Lat. w44 Coo. 
181, 
A Ravelin. Fr. Ravelin. Lat. Moles. 
An Hilfe-moone. Fr. Demi-lune, Lat. Lnna dimidiata, 
An Horne-worke, Fr. 0#vr4ge 4Corne, Lat, Opns 
Coruntum, 
A Trench, Fr. Trenchee, Lar. Seps Caſirorum. 
Gabions, Fr. Gabions, Lat, Corbes terr £, 
A Breach, Fr. Brecbe. Lat. Ruinawvalli, 
A wyne, Fr. Mine, Lat, (aniculus. 
ACountermine, Fr. Contremine, Lat, Cuniculms re- 
CNPYOCHs, 
Theſe and ſuch other tearmes as are 1 ſed in Fortfi. 
cation will be better underſtood where we have occa- 
fionto ſpeakeof them, 


The meaſures uſed in this enſuing Treatiſe, 


| ARA thoſe that write of Fortification, there 'are 

ſeverall meaſures uſed, as ſome uſe feete, and that 
of ſeverall ſizes, ſome Toiſes, a toiſe containing ſixe 
feete, others verges or rods of 12. fecte to averge, 
which arc now gencrally uſed in the united Provinces. 
Weeallo in England, uſe rods or poles of ſeverall fizes 
the moſt uſual of fixteene feere and an halfe, But - 

| a 


(5) 
21l others I ſhould chooſe (as apteſt for this buſineſle) 
a Rod of tenne foote, which isalſo often uſed by ſome 
ArchiteQts : For any number of theſe rods are moſtea- 
fily reduced into feete, and tectc intotheſe rods, where- 
ot thereis often occal'on : Alſotheſe rodsare moſt ea. 
ſly reduced into paſes, orp:ces intorods, ſeeing two 
make a rod; And pacesare ſuch a meaſure, as every man 
doth naturally carry about him,at leaſt toa neere ſcant- 
ling, fora man of middle ſtature walking a travailing 
pace, moves his foot about one pace, or five foot at each 
remove, atall man muſt goe ſomething ſlower, and a 
little man ſomething faſter to doe the like, therefore we 
will kereuſe ſuch roCs of tennefeete; and if you make 
a chaine for this purpoſe, it may conliſt of five ſuch rods 
or 50. fecte, whichis three of our ſtatute poles and 
halfe a foote over, and if you would uſe ſech a chaine 
{or curordinary Land meaſure, you muſt take up halte 
a __ But this we leave, proceeding to the thing 
in hand. 


CHAP. II, 


eAxiomes obſerved in fortificatien, with the reaſons of 
them, 


AE Fort is made to the intent that a few men 
© N= mightbe able to defend themſelves and 
2/[apy\y 'heplace, againſt agreater number. 


Re 2. Ihereforethe place isenvironed with 


a Ramprre or wall and a ditch, of ſufficient height 


breadth ang.«depth, to impeach the aſſaults of an e- 
nenue, : 


B 3 3. And 


(6) 

3. And becauſe the fides thus encloſing a Fort, ire 
not apt for the defence of themſelves, eſpecially when 
an enemy is nearcſt, and ſo the defence moſt neceſſary, 
thereforethe fides of the Fort haveflankers or (as they 
are commonly called) flankes to defend them, which 
flankesare allothemſelves flanked by the Curtaines or 
ſides; theſe flankes in the foregoing figure are repreſen- 
ted by, H. E.or F.N- orL. 0. &c. 

4. And forthe betrer defence of each fide or Cur- 
taine, it is requiſite that every fide ofa Fort ſhould have 
two flankes, namely roward each end one, and if the 
ſidebevery long, it may have foure, fixe or more; but 
of their diſtance we ſhall ſpeake hereafter; as of the ſide 
B. C. thetwo flankes or flankersare L.0.and F.N. 

5. Andthus there will bee two flankes placed neare 
togetherat every angle or meeting of two ſides, (or oft. 
nerif occaſion require) the oneſcowring the ſide to- 
wardsthe right hand, the other towards the left, cither 
of them ſtanding perpendicular to the ſides whichthey 
flanke, the diſtance of which two flankes is called the 
Gorge or necke of the bulwarke. Twoſuch flankesare 
repreſented by F.N.and H.E.and the Gorge by N.E, 

6. And becauſe if the wall or Rampire ſhould be 
continued ſtreight orcirculer, betweene the ends of c- 
very of theſc two flankes, thus placed on cither fide of 
the Gorge (as from F, to H.)that wall could not be de» 
fended from the flankes, neither isapt for the defence 
of it ſelfe: therefore the two Fronts of cach bulwarke, 
are drawne with ſuch inclination, that they might aptly 
be ſcoured, and defended from their correſpondent 
flankes. Asthe Fronts F. G. and G.H. 

7. Andiſccing the Curtaines and FrontsVf a Fort are 
eſpecially defended, (both with Ordicance and _ 

ot) 


(7) 

ſhot) fromthe Flankes, and that the aſſailants will ſo0- 
neſt attempt to make a breach by battery or otherwiſe- 
inor about the flanked angle of the bulwarke : there- 
fore the greater and more ſpacious, the flankes andthe 
Gorge betweene them are(with due confiderationofo- 
therthings conſiderable) the better they are. 

8, And foraſmuchas the front of a bulwarke needes 
the more defence forthat it lyes fartheſt from the lanke 
defending it, &c. therefore it is ſo to be drawne that it 
may be defended by ſhot from as great a part of the 
Curtaine as: conveniently may be, which part of the 
Cuntaine is called the ſecond flanke; thus in the forcgo= 
ing figure the ſecond flanke is repreſented by 0.1, | 

9. The outward flanking angle muſt not be too obtuſe 
namely it ſhould never exceede 150. degrees, but by 
how much leſſcit is, ſo much the better: for bythis 
meanes, the fronts of the bulwarkes, are the better 
flanked, the one by the ot'1er, &c. 

10. And fortheſe two cauſes chietely;the angle ofthe. 
outward or diamond point of a bulwarke ſhould not be. 
orcaterthen go degrees. As the angle, F.G.H, 

11. Yet conſidering that by how much the more acute 
thatangle of the bulwarke is, ſo much the weaker ir is 
to withſtand a battery, and that the affaults ofan enemy. 
by battery are often made againſt that eſpecially: there- 
fore thatangle muſt never be too. acute, namely never. 
lefſe than 60. degreesand by how much nearer toa 
Tight angle, the better itis. Er74ard Barlednc and ſome 
others would have it alwayes arightangle, but by the. 
common -praciſe in the Netherlands, grounded upon 
ſufficient reaſons, it is o{ten made lefle. 


(3) 
frot be leſſe then a right angle, bot by how much the 
more obtuſe, ſo much the better it is. As the angle 
B.C.X. 

13. The inward flanckiqg angle,and the angle of the 
ſhoulder of the bulwarke, encreaſe and decreaſe rope. 
ther, the one alwayes exceeding the other 90 degrees; 
and th: rcfore as the inward flanking angle ſhould never 
be lefſe then 15. degrees, forthe angle of the ſhoulder 
muſt never be lefle then 105 degrees,and by how much 

reater,the better, forthe ſame reaſon, as are beforeal- 
Fs The inward flanking angleis, #.7.N. The angle 
of the ſhoulder, G. F.N. 

14. The fixed or longeſt line of defence drawne 
from the angle of the flanke to the outward angle of 
bulwarke ſhould not exccede 720. foote or 72. rodds 
that ſoitmay not be without musket ſhot, thar being an 
Engine more portable,and ready for defence then great 
peeces, which cff:& nothing but with more loſſe of 
time, and other inconveniences, Yetit youwill defend 
the front with Cannon, then may rhat line be almoſt 
twiceſo much; Asa line drawne from 0 to G, 

15. Andforas much as in a regular Fort the forceis 
inall parts more equall and alice; and that ir doth en- 
cloſe a greater quintiry of ground, then an Irregular 
Fort of ſo many ſides: theretore a regular Fort (if the 
place will conveniently admit of it) is better then an Ir- 
regular. 

It is called a regular Fort, when the figure fortified 
conſiſts of equall ſides and angles. 

16. By that which hath beene ſayd,efpecially by the 
twelfth axiome, it is evident, that a Fort of three fides, 
and angles is of no moment, neither is a Fort of foure 


fides of any great value, butingenerall the more _ 
an 


(9) 
and angles a Fort hath, the better it is, 

17. If thefixcd line of defence be 720 foote or 7 2 
roods then may the Curtaine beabourt 4.2 rods;the frone 
of the bulwarke may be about 28 rods; and the angle 
forming the flanke about 4o degrees, and the flanke to 
the Gorge as6. to 7. Butif the figure you would for- 
tific be lefſe, you may diminiſh the gorges, flankes, and 
fronts, proportionally retaining the angles ſutable to 
theſe Axiomes, and hereafter more particularly ex- 
preſſed. And in fortifying any place, regular or irregu. 
lar, youareto obſerve (ſoneere as may be) theſe Axi- 
omes, and the reaſons of them together with the Pro. 
blemes and examples, hence deduced, and hereafter ſect 
downe. The angle forming the flanke is F.C. N. 


CHAP. III, 


PROBLEM I. 


#7 =Im\ O findethe quantity of the angle, at the 
G NS- Centcr or pcrimeter of any regular poli- 


VL 


gon and the number of inhabitants 
whereof a ſort is capable as in this figure, 
=2 following let B C.bethe fide of an Equi- 

laterall pentagon 
There is required the angle at the Center B, 4. C. and 
the angle at the perimeter, B. C E, Divide thecircum- 
ference ofa circle, 360. degrees, by the number of the 
ſides of the poligonon, 5. the quotientis the anglcat 
the Center, ®, 4.C. 72. degrees. which ſubſtratted 
from 180. degrees, there remaines the angle at the 
C perume- 


perimeter, B. C. E. 1Cc8. degrees. 

The reaſon of the firſt part of this operation is 
manifeſt, and touching the ſecond, ſeeing the th ecan- 
gles of thetriangle, A. 5. C. arc equall to 180. degrees 
therefore from 180. degrees ſubſtraftiog the angle 
F.4.C.there remainesthe ſum of the avgles 4.8.C.and 
A.C.B. which two being ſeverally the balf ofthe angles 
at B.and C, are together cq all tothe angle &.6.E, 


PROBLEM &. 2. 


The 9nantity of one ef the ſides given: tofi de the ſemi. 
diameter ofthe circumſcribed Carcleand the perpendicu- 
ter to that ſide and ſo theareaor quantity of ground in 
that figure, 


A*® inthe foregoing hgure, let the ſide of a pentago. 
nall-Fort B, C. be aftcrthe Italian manner 800, 
foote, thenisthe halte thereof B. D. 400. foote, and 
the angle atthe center, B. A.C. 72. degrees, the balfe 
whereof is B. A. D. 36. degrees. and the complement 
thereof D.8..4. 54 degrees, therefore by the firſt 


caſe of plaine ttiangles, 


As 


(11) 


As Rala is in proportion 


to halfe che (ide given BD. 400. foore 2, 6020600, 
ſo ang halte the angle at the perimeter ft ABC 54406. ro 1387 390, 
eo the perpendiculcr AD $509, 55, 2y 7407990, 


And by the ſecond caſe of plaine triangles, 


As fine bole tle 1nvle at the center 5 BAD 36.06, 2307813, 
to halte the 1 4e given B D 490. foo 2, 60 20600. 
Sois Radius | 
toth. ſewidiamcter of the Pot-gon AB, 6% 52--1,8 323413 


This ismore properly the ſemioiameter of the c:r- 
cunſcribed circle which for brevity ſake we call here 
and hereafter the ſemidiameter of the poligonon. 


This perpendiculer AD 550.55. 2: 74979909. 
multiplyed by halfe the baſe BD. 409. .2, 6020690, 
roducerh the area of the triangle ABC. 220221, 5,3 428595, 
which multiplyed by the number of fades » Jy. 0,6989700. 
produceth the arca of the pol!gonon *110tto5 | 6,0416260, 


Note. The operations here or hereafter uſed by lo. 
earithmes whether inthe rcſolutionof triangles or in 
multiplication, diviſion, extraQion of rootes or the 
rule of proportionl have ſufficiently handled inmy firſt 
booke of plaine triangles which therefore it were ſu. 
perfluous here ro repeate, the fratti»>ns here and 
hercafrer uſed are decimals namely tenth or hundreth 
parts - ſorhat if there be one figure behind the pricke 
it ſignifies tenths is 351. 215 35175. ſo550.55. is 
550 7 


(12) 
PrROBLEME. 3s 
To finde what number of inhabitants 4 Fort is capable of, 


T istobeunderſtood that within the poligon figure 

caſt up as we have ſhewed in the laſt Probleme, there 
isthe Rampire, the ſtreets, the Market place, and the 
reſidue for the inhabitants; now the Rampire, ſtreets & 
Market place may. be the halfe orthird part of thearea 
of the poligon figure, ſometimes more ſometimes lefſe, 
and that being ſubſtraced the rc fidue (as | ſay) is for the 
inhabitants. We willtake for exampletheleven fided 
Fort expreſſed hereaficrinthe 1 1. Chapter. 


I devide the circumfcrence ofa Circle, 360, deg, 
by the number of ſides which is -, 
the quotient is theangleatthe Center BAC.51,25 x, 
which ſubſtracted from 180, deg. 
remaine the angle at the perimeter BCE.118. 343. 
And ſuppofing the fide of the poligon namely the cur. 
eaine with the two Gorge-lines to be 702, 

Then will the perpendiculer be fourd by the laſt 
Probleme to be about 72 9.foote,ſothar the area of the 
triangle 8. A. C. will be 256025. ſquare feete and ſee- 
ivg the figure hath 7. ſides therefore the area of the 
whole poligon figure is 1792 175.{quare feete, Now we 
ſuppoſe the Rampireto be there 70 foote broade, and 
the ſtreete or way next within the Rampire 4o. foote, 
both are 110, foote which ſubſtracted from the fore- 
ſayd perpendicular 729. there remaines a perpendicu- 
hr, 619, then foraſmuch as like poligon figures arein 
double. the proportion - of their proportionall ſides, 
therefore 


(13) 


therefore 
| . 74 1372725+ 
As the fquare of the perpendiculer 729 7 1372725 
, ! 24 7916906. 
[To the ſquare of the perpendiculer 61 g 7916906 
Sois the firſt arca 1792175. 6, 2533800, 
tothe ſecond area 1292130. +6, 1113063« 


Orif you rather deſire to work by trianglesthen ſup- 


poſing the perpendicular to be 4; D. 619. you muſt 


finde halfethe fide z. D, ſaying 
AS Radime 151n proportion 


to the perpendicular AD. 619. 3,7916906. 
ſo tan. half the an.ath'cen.t BAD.25 42.5 9,5828270. 
to halfe the ſide,/ 3DP.298.21. 2,4745176. 


which mult. by the perp. AD.619. «2,7916906. 
produceth the area of B AC.184590-5,2662082, 
W hich againe multiplyed byhe ſides 7.0,8450980. 
produceth the 24area 1292130». .6,1113062. 


And ſo much is this heptagon within the Rampire, 
and the ſtreete going round withinthe Rampire. 


Next forthe Market place, the fide thereof being 
170, foote. 


As halfe the ſide of the Fort, 351. 2. 47,4544455- 
tohaltrhe ſide of the Market pla. 85, . .1,9294189; 
ſois th- perpend. of the Fort 7:9. . .1,8627276. 
tothe perp. of the Market place 176.44. «2,2465 920, 
which multip. by halfe the ſide $5. m I, On ifg, 
and that againe by all the fides 7. . .0,8450980, 
prod.the area of the Marketpla. 104982.5,0211089, 


C 3 and 


(14) 


and (ceing the one perpendiculer is 619. foote, 
and the other of the Market place 176. 44+ 
the differcnce of theſe two is 442+ 5 6, 


- Being the diſtance from the \atket place, to the 
ſtrecre next under the Rampare, 


which multiplycd by the breadth - 30. foote. 
produ. the area of one of thole ſtreets . 13276. 80, 
which multipl.by the number of ſides 7. 
produceththe arca ofall thoſe ſtreets . 92937. 

Laſtly for the middle ſtreete that goeth round about 
betwcene the Rampireand the Marketplace. 

Letusſuppoſein this example the perpendiculerdi- 
ſtance of that ſtreete from the center of the Marker 
place tobe 42 rods, (-I meane from the center of the 
Fortrothe middle line of that (treete) then for aſea- 
veath part of the middle perimeter or compaſſe of that 
ſtreete I lay. 


Asthe firſt perpendiculer 729.foote.. .7,13727.5. 


rothis perpendiculer, 410,foote. . .2,6132493, 
ſo thefirſt ſide, 702, 4+«2,8465845, 
rothis ſecond {ide 424. G7.» $2,6071063, 
which multiplyed by 7. o 8450980, 
prod.the compa. of that ſtreet 2832. 7. 3,4522043, 
which mul. by the breadth 30. 1,4771213. 
prod.thearea of that ſtr.cr, 84982. 4,9293 256, 


and the area ofthe other 7.ſ\tr. 92937. 
and thearca ofthe market place, 104982. 


The ſumme of theſethree 282501. ſquare feete. 
ſubſtr. from the before found 1292130, 
there remaines 1009229, ſquare feete, 


T hus 


(15) 

Thusthenthe heptagonto be fortified containes as 
before wee found 1792175. ſquare frete, but within 
the Rampire and the ſtreete or way next within the 
Rampire it containes but 129213 0 ſquare feete whereof 
the ſtreetes and market place,amountto 2: 82901.ſquare 
feere which deducted thcre remaines fer the houſes and 
other accommodations of the inhabitants, 1009229, 
ſquare feete that is 10092 rods and 29 feete ſquare. 
Now we may aſigne for every houſe : © ſquare rods or 
1c00. ſquare fecte, or ſomething more or lefle asthe 
preſent occaſion ſhall require; and ſo this place is capa- 
pable of 1cog houſhoulds for deviding 1009229 ſeete 
by 1000; or roog2 rods by 10, the quotient in cither 
is 1009. beſides the fraction which here we regard 


nor, 


CHAP. IIII. 


I —_ = 


To finde the quantity of the angles in all parts of a Fort 


of any nun: ber of ſides propoſed, 
> I] Axiome, the flanked angle of a bulwarke 
—== ought tobe at the leaſt 60. degrees, there- 
fore ina regular Fort of: foure ſides, the flanked angle 
of each bulwarke ought to be 60. degrees, and conſe. 
quently the outward flanking argle muſt needes be 15 0 
degrees. 

Asin this figure let B. C. be one fide of a ſquare for- 


tined with foure bulwarkes, one. of which let. bee 
N,F.6: 


Y the ſixtecnth Axiome, a Fort isto conſiſt 
of at lcaſt foure ſides, and by the eleventh 


perimeter, B. C. E. 1c8. degrees. 

The reaſon of the firſt parr of this operation is 
manifeſt, and touching the ſecond, ſecing the th ecan- 
gles of thetriangle, A. B. C. are equall ro 180. degrees 
therefore from 180. degrees ſubſtrativg the angle 
B.4.C.there remainesthe ſum of the angles 4.8.C.and 
A.C.B. which two being ſeverally the balf of the angles 
at B.and C, are together eq all rothe angle &.6.E, 


PROBLEM I. 2: 


The Dnantity of one ef the ſides given: to fi de the ſemi- 
diameter ofthe circumſcribed Carcle,and the perpendicw 
ter to that ſide and ſo theareaor quantity of £1 ound in 


that figure, 


A*® inthe foregoing figure, letthe fide of a pentago. 
nall Fort B. C. be afterthe 1raliaz manner 800. 
foote, then is the halfe thereof B. D. 400. faote, and 
the angleatthe center, B. A. C. 72, degrees, the halfe 
whereof is B. A. D. 36. degrees. and the complement 
thereof D.B. 4. 54. degrees, therefore by the firſt 


caſe 'of plaine ttiangles, 


As 


(12) 


As Rala is in proportion 


to halfe che lide given BD, 400. foore 2, 6020600, 
ſo rang halte the angle at the perimeter ft ABC $4+06. 10, 1387 390, 
eo the perpendiculcr A 2.559. 55> 2 7407990, 


And by the ſecond caſe of plaine triangles, 


As fine bile tle anvle at the center 5 BAD 36--06 , 2307815, 
ro halfe the fi te given B D 400. foce 2, 60 20608. 
$Sois Radu 7 
toth. ſewidiamerer of the Pol gon AB, 630. 52-- 1, 832841; 


This ismore properly the ſemidiameter of the c'ir- 
cunſcribed circle which for brevity ſake we call here 
and hereafter the ſemidiameter of the poligonon., 


This perpendiculer AD $50.55. 2, 7497990, 
multiplyed by halfe the baſe BD. 409. .2, 6020600, 
producerh the area of the criangle ABC. 220221, 5,3 4:8599, 
which multiplyed by the number of fades » J. 0,6989700. 
produceth che arca of the poligonon *110tiog tf 6,0416260, 


Note. The operations here or hereafter uſed by lo. 
garithmes whether inthe reſolution of triangles or in 
multiplication, diviſion, extraQion of rootes or the 
rule of proportionl have ſufficiently handled inmy firſt 
booke of plaive triangles which therefore it were ſu. 
perfluous here ro repeate, the fraftions here and 
hereafter uſed are decimals namely tenth or hundreth 

arts - ſothat if there be one figure behind the pricke 
it ſignifies tenths as 351. 2 15 35175. ſo550.55. is 
550 Yor 


(23) 


PxOBLEMEP. 3» 


T0 finde what number of inhabitants a Fort i capable of. 


T istobeunderſtood that within-the poligon figure 
| up aS we have ſhewed in the laſt Problemne, there 
isthe Rampire, the ſtreets, the Market place, and the 
refidue for the inhabitanrs;.now.the Rampire, ſtreets-& 
Market place may. be the halfe orthird part of thearea 
ot the poligos figure, ſometimes more ſometimes/efſe, 
and that being ſubſtraced the rc fidue (251 (ay) is tor the 
inhabitants. We willtake for examplethe ſeven fided 
Fort expreſſed hereafierinthe 1 1. Chapter. 


I devide the circumference ofa Circle, 360, dep, - 


by the number of ſides which is | 
the quotient is theangleatthe Center. BAC. 51,255, 
which ſubſtracted from 180, deg. 


remaine the angle at the perimeter BCE. 128. 343. 
And ſuppoſing the fide of the poligon namely the cur. 
taine with the two Gorge-lines to be 702, 
Then will the perpendiculer be fourd by the [af 
Probleme to beabout 729.foote, ſothat the area of the 
triangle &. A. C. will be 256025. ſquare feete and ſec- 
ing. e figure hath 7. ſides therefore the area of the 
whole on figure is 1792 175.ſquare feete, Now we 
ſuppoſe the Rampireto be there 70 foote broade, and 
the ſtreete or way next within the Rampire 4 ©: foo 
both are 110. foote which ſubſtrated from the fore- 
ſayd perpendicular 729. there remaines a perpendicu- 
hr, 619, then foraſmuch as like poligon figures arein 


double. the proportion . of their proportionall ſides, 
therefore 


(13) 


therefore 
| 7, 1372725 
As the fquare of the perpendiculer 729 4 1372735- 
. 6906. 
To the ſquare ofthe perpendiculer 61 g wg > 
Sois the firſt area 1792175. «6, 2533800, 
tothe ſecond arca 1292130. +6, [113063+ 


Orif you rather defire to work by trianglesthen ſup- 
potngetn perpendicular to be. X; D. 619. you muſt 
finde halfethe fide z. D. faying 

AS Radinu iS1n proportion 
to the perpendicular AD. 619. 1,7916906. 
ſotan. half the an.ath'cen.s FAD.25-42.59,5828270. 
to halfe the ſide / 3D.298.21. 2,4745176« 
which mult. by theperp. 40.619. «2,7916g06. 
produceth the area of R AC184590-5,2662082, 
W hich againe multiplyed byhe ſides 7.0,8450980. 
produceth the 24arca 1292130» .6,1113062. 


Andſo much is this heptagon within the Rampire, 
and the ſtreete going round within the Rampire. 


Next forthe Market place, the fide thereof being 

170, foote. 
As halfe the ſide of the Fort, 351. 2. 47,4544455- 
to haltrhe ſide of the Market pla, 85. . .1,9294189g; 
ſois th- perpend. of the Fort 729. . .2,8$6273276.- 
tothe perp. ofthe Market place 176.44. +2,2464 920. 
which multip. by halfe the fide be Pe ns 
and that againe by all the fides #7: . .0,845 0980, 
Mo AIR aaa eay 19 104982.5,021108g, 
| 3. and 


(14) 
and ſecing the one perpendicuttris + 619. foote, 


and the other of the Market place 176. 44+ 
the difference of theſe two is 442+ 5 6 


- Being the diſtance from the I arket place, to the 
ſtrecre next under the Rampire, 


which multiplycd by the breadth » 30. foote. 
produ, the area of one of thole ſtreets , 13276. 80, 
which multipl.by the number of {des -þ 
produceththe area ofall thoſe ſtreets . 92937. 

Laſtly for the middle ftreete that goeth round about 
betwcene the Rampireand the Marketplace. 

Letusſuppoſein this. example the perpendiculer di- 
ſtance of that ſtreete from the center of the Market 
place tobe 42 rods, (I meane from the center of the 
Forttothe middle line of that ſtreete) then for aſea- 
veath part of the middle perimeter or compaſſe ofthar 
ſtreete | lay. 


Asthe firſt perpendiculer 729.foote.. .7,13727.5, 


rothis perpendiculer, 410.foote.. .2,621 32493, 
ſo thefirſt ſide, 702, 4+«-2,8465845, 
rothis ſecond ſide 424+ . 67.++2,6071063, 
which multiplyed by 7. o 8450980, 
prod.the compa. of that ſtreet 2832. 7. 3,4522043. 
which mul. by the breadth 30. 1,4771213, 
prod.theareca ofthat ſtr. er, 84982, 4,9293256, 


and the area ofthe other 7.ſtr. 92937. 
and the arca ofthe market place, 104982. 


The ſumme of theſe three 282901. { quare feete. 
ſubſtr. fromthe before found 1292 130, 
there remaines 1009229, ſquare feete. 


T hus 


(15) 
' *Thusthentheheptagonto be fortified containesas 
before wee found 1792175. ſquare feere, but within 
the Rampire and the ſtreete or way next within the 
Rempire it containes but 129213 oſquare feete whereof 
the ſtreetes and market place,amountto 2 82901.ſquare 
feete which deduced there remaines fer the houſes and 
other accommodations of the inhabitants, 1009219, 

ſquare feete that is 10092 rods and 29 feete ſquare. 

Now we may aſigne for every houſe : o ſquare rodsor 
1c00. ſquare fecte, or ſomething more or lefle asthe 

preſent occaſion ſhall require; and ſo this place is capa- 

pable of 1cog houſhoulds for deviding 1009229 ſeete 
by 1000;0r roog92 rods by 10, the quotient in cither 

is 1009. beſides the fration which here we regard 

not. 


CHAP, ILIILL. 


To finde the quantity of the angles in all parts of a Fort 
of any number of ſides propoſed. 


> Y the ſixtecnth Axiome, a Fort isto conſiſt 
c BY of at leaſt foure ſides, and by the eleventh 
ED 


Axiome, the flanked angle of a bulwarke 
ought to be at the leaſt 60, degrees, therc- 
fore ina regular Fort of foure ſides, the flanked. angle 
of each bulwarke ought to be 60. degrees, and conſe. 
youu the outward flanking angle muſt needes be x50 
egrees. 

Asin this figure let B. C. be one fide of a ſquare for- 
tied with foure bulwarkes, one. of which let. bee 
N,F.6. 


(26) 
N.f.6.N.T. Andfceing the flanked angle of this bul- 
wark F.G.M.iv 60. degrees, thereforethe halfe thereof 


"7 = 


GOOmD.— — © 4 — of 


F, 6.C. is 30. —_— and I. G.C. {bcing equall to 
D. C. 4. namely halfe the angle of the tetragon) is45. 


degrees, therefore $.G. F. is 15. degrees, and the com- 
plementthereof S. F.G. 75. degrees, wheretois equall 
the angle 7. M. 6G. which is the halfc of X. 44. G. there- 
forethe outward flanking angle, X. A. G. is 150.de- 
grees, which was to be proved. 

And thusin a quadrangular Fort, the flanked angle is . 
60, degrees, and the outward flanking angle 15 0, de- 
{rents what theſe angles will be inother Forts conki- 
ling of more fides we may finde by helpeof thele 
enus. 

SubſtraQ the angle of the ſquare namely 90. degrees 
from the angle of the poligonon propoled, halte the 
remainer adde tothe flanked angle of the ſquare thatis 
to 60. degrees, and ſo you have the flanked angle ofthe 
poligon propoſed: Alſoſubſtrad the toreſayd halfere. 
mainer from the flanking angle of the ſquare, namely 
from r50,degrees,and that which remaines is the flan- 
king atigle of the poligonon propoſed. 


I, Ex4am- 


(17) 


1, Example of 4 Pentagon. 


The angle at the perimeter is 
from which ſubſtr. the angle ofthe ſquare, 
there remaines 
the balfe whereof 
added to the flanked angle of the ſquare 
gives the flanked angle of the pentagon 
And from the flanking angle of the ſquare, 
ſubſtraRing the aforeſay 
remaines the flanking angle of the pentagon, 


2. Example of 4 Hexagon, 


From theangle of the hexagon being, 
ſubſtraRt heats ofthe fr_ "= 
and there remaines 
the halfe whereof . 
added tothe flanked angle of the ſquare, 
makes the flanked angle of an hexagon, 
and :rom the flanking m_ of the ſquare 
ſubſtraRing the foreſayd, 
remaines the flanking angle of an hexagon, 


120.0. 


99s 
| 30. 
IS. 
60s 


. 20 


150. 
I 5s 
I35s , 


And thus procceding inthe uſe we fþall finde that 
the flanked angle will not be 90. degrees, till we come 


to a Fort of twelve ſides. 


Now the flanked angle of a bulwarke being given we 
may thereby come to the knowledge of all the other 


angles requiſite tobe — 


AS 
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angle at the Centet is (by the 1. ch. ZB A C72. do. 


the balf whereot is CAD.36, 
the complement thereof, DC A. 54s 
now admit the angle of thebulwark, FG H. 69, 
the halfe thereof FGC. 34. 


ſubſtraged from $ G C being equallto D C A. 54: 
remaines the inward flanking angle $&G F, 19. 
Equallto F P Nthe compl. of either $& F6, 70. 
ſubſtrated from two right angles, 180, 
leaves the angle of the ſhoulder MX F G.rog. 
inc the ſame angle 5 F & or IMG, 70. 
doubled, gives the outward flan. ang. K MG. 141. 
Laſtly from two right angles, * -* "aac 
ſubſtr. half the angle of the poligon, B c A. 54. 
Temaines the apgle, RM .. ©" 


OOs 


09» 


00s 


30. 


OOs 
3 0s 


30. 


00. 
30. 


30, 
OQ. | 


00s 


00. 
00. 


— —  — _ — 


A Tablc of the dimenſions of che angles obſerved. in fortifying | 


any regular Poligon from the Square, to « figure of 


12. fides, ſo increaſing that the flanked angle 
rhereof is a right angle. ' 


[pr the number of their ſjdes 4 $| 67 


 ———————_ — ——_ 


deg.\deg.'deg. dg (deg. deg. (deg. (deg. 
gle at the Center ———» ——B AC.| go 92 | 451. 

ale of the Poligon — B CE.| go|108 
ſerhe angle of the poligon BCA.| 45| 54 
rents adde ——— — 


LT ——_— — n——— 
_. — — DE  — 


ie flanked angle ——=— — FGH. 60|6g bs 2s 


We the flanked angle — —— F GC. | 30134337 33974 

lafard flanking angle FP Nor S GF.| 15119 422 $2479 

cb idded to arizht angle — 9o[90 [go (90. [go [90'[90 [90 | 90 

Lodlef the ſhowlder — N FG. [1051092112 4114541169) 773185 11975) 120 

Jn(hopoſite to the head-line GF C.| 55159462 4647, 66 67] 68, 697; 70) 

Ang livyoſite to the fron —— PF CG.} 95186:|80 | 754) 72479165 | 66% 65 
miement of S G F.namelyS F G. | 75170 467 465.48 634521| $17 005; 60 | 

ge ir d flanking angle—— KM G. 150/141} 135 130627525023 POR appt 

be aglgrming the flanke — FE CN. | 49/40 [49 49 4 9:40 4 vi 


—_— Y 


4 
þy | 4 ok, Dn —_— a ——_ 


©; + ; 


ſubſtrated from two right angles, FO. ©0. 
leaves the angle of the ſhoulder N FG.1o9. 30, 
Againe the ſame angle 5 F & or IMG. 70. 30, 
doubled,gives the outward flan. ang. K M G. 141. oo, 

Laſtly from two right angles, | 180. 00. 
ſubſtr. half the angle of the poligon, B C A. 54. 00. 
Temaines the apgle, | '  DC6.126. 00. ' 


a > 


_—_—_— 


A Tablcof the dimenhons of che angles obſerved. in fortifying 


any regular Poligon from the Square, to « figure of 
12. fades, ſo increaſing that the flanked angle 
thereof is a right angle. 


__ 


[xo the namber of their ſeaes 


— 


Ungle at the Center —————B AC. 
ture of the Poligon — BCE. 
erhe angle of the poligon BCA, 
710 adde —— m———_ 


ard flanking angle FP N.or S GF. 
budded to arizht angle — 
yntliof the ſhoulder — N FG. 
Jn(hopeſite to the head. line GF C. 
Anghoyoſite tothe from —— F CG. 
emjement of $ G F.namelyS FG. 
«iwrd flanking angle—— KM G. 
be agltgrming the flanke — Þ CN. 


bs a5 S.1 Sg zo | 11 
| 

deg.\deg.'deg. wg (deg. deg. ll 
g9o| 72] 60 514) 45]-40] 3632 5 
90|108 [1201287] 135[149[144 [1477 
45] 54| 60 644] 67: 70} 72] 737 
I; be I5 15 | 15 | 15} x5[25 
30134337 $3973] $1342 +,43 4473 
15119322 $2454,.2654734,28 5 297; 
90/90 90 (90 (s] 90' [90 |90 | 
1051109124114 AAR 
55159362 £6475, 664674 60] 
95186 [80 ' 754 72479168 | 

75170 3/67 365.1 634623| 617 6 
150]141|135 1306273125023 121 
49/40 bl "- wa = [40 


place this after fol. 19. 


_ 


But if you would have the flanked angle of the Bulworke ſo T1 


creaſe, that for an ORtagon it might be a right angle, then makethe 
flanked angle, two third parts of theangle of the poligon propoſed, 
as is done in the Table tollowing, bur for any poligon of abox: 
cight ſides, kt the flanked angle be a right angle. 


A Table of the dimenſions of the angles obſerved infor. 


————— 


tifying any Regular Poligon from the -m—_ 
tothe Ofagon, ſo increaſing that the Alankedangle 
of the Otagon is a right angle. 


Cm ———_—_— 


Poligons the number of their ſides 


ew 


Angle at the Center —— BAC, 
halfe the angle at the Center==na] A G. 
the angle of the Polizen BCE. 
the flanked angle — GH, 
halfe the angle of the Poligon—B CA. 
balfe the flanked angle FGC. 
the inward flanking angle SGF. 
to which adding a right angle —— — 
the angle ofthe ſhoulder —— NEG. 
the angle oppoſite ro the bead-line GF C. 
the angle oppoſite to the front —F C G. 
the compl. of SG F, namely — S FG, 
the outward flankins angle——K MG. 


95 


54 


3© 


15] 18 


90| 90 
105/108 


55] 58 


TY] 72 


150144 | 


3G | 


86 


deg. deg. deg 


90| 72| 60 
45] 36 30 
90 IO8. 120 
60| 72 
45 


80 


7, Wig OE. =. por, We 9 4 MF WINS WS þ 7 


(19) 

And thus for any flanked angle propoſed wee 
may finde the: quantities of every of the other an- 

les. 

wi for any poligon propoſed wee may more com- 
pendioufly ſer downethe angles of the bulwarkes and 
all the ether angles afrer the forme of this example 
following, remembring that if the poligon have more 
than 12. ſides, you make the angle of the bulwarke 


\, aright angle. ry 

To halt the angle of the poligon BCMA. 54 90» 
adde alwaycs I5. 00s 
the ſumme isthe flancked angle F GH. 69. 00- 
the halfe whercof F GC. 34. 30- 
ſubſtr. from halfthe angle of the polig. B C 4. 54. 00. 
I:aves the inward flanking angle, SGF, 19.30. 
whoſe complement is SFG.. 70.30. 


which ſubſtraRted from two right angles, 180.00, 
leaves the angle of the ſhoulder G F N.1og. 30. 
and the ſame complement SFG or 1MG. 70.30. 
doubled is the outward flanking angle.X 446.141. 00. 


The angle forming the flanke, namely the angle 
F.C. N. may _ about 40 degrees. And ac- 
'cording to thus rulc is t 


c table following made. 


D'z 


(22) 


CHAP. V, 


of the quantitie of the Curtaines, Flankes, Fronts,Garges, 
and other ſides and lines in regular Forts of any number 


of ſides propoſed. 


T is not of neceſſity that the angles in 
Forts ſhould be exatly ſuch as arc found 
and ſet downe by the foregoing Rule, but 
they may beſomiething more or lefle, as the 
place or other occaſions ſhall require : Bur firſt ſup. | 
poſing them to be ſuch, we will ſhew how te deter- 

ming the quantity of the ſides and lines of a Fort . 
accordingly both by examples and tables for that . 


purpoſe. _ 


PxoztuaMEk. 1. 


The length of the Curtaine, and of the Front of the Bul- 
warke given, ts finde what the other ſides and lines 
ſhould: be. 


' A SinthisregularPentagonall Fort,and ſo in others, 
ro thc intent the line of defence may be about 723. 
rods the Curtaine may be about 4 2. rods andthe Front 
abour 28. as is beforenoted inthe 17, Axiome. 4nd 
that the proportion ofthe flanke tothe Gorge may bee 
about 6. to 7. let the angle formiig the flanke bee 
42. degrees. | 
Thus then the Curtaine is _ 0 N. 420, foote. 


the Front of the Bulwarke F G. 280, _ 
| p A 


(23) 
And the angle forming the Flanks #7 CN. 40. deg. 
And let the Flanked angle be F G H, 69.deg+ 


Then will the other angles be found by the firſt rule of - 
the foregoing chapter to be ſuchas are expreſled inthe 
former of the two tables: burthe fides we finde thus. - 


In the right angled triangle SG F, by 3. caſe of plaine 


triangles I ſay. 

As Radius is in proportion 

tothe front of the Bulwarke + F G.z80feete 32,4471 5, 

ſo fine the inward flanking angle 1.S G F. 19. deg. 36. 9.52350, 

to the line — SF, 93. 47+ 1970653. 
Againe by the ſame, 

As Radius is it; proportion 

to the fronc of the bulwarke ==: F G. 180, fecte, 2, 44715, 

lo fine compl, the inward flacking angle— 5. 6-S G F.1 g.deg.39.9-9743 5+ 

to the line — 8G, 263. 94, 2,42150. 

Wheretoadding halic the Curtaine — $ 1. 210, 


D; the ;. 


(24) 


the ſumme is the line —— — —- 1G. 473: 94 
which doubled is the fide of the ourt- 

ward poligonon, or the diſtance of . 
diamond points of the bulwarkes ——— K G. 947. 88. 


- Inl AG:by the ſecond caſe of plaine triangles, 
As fine halfe the 2ngle at the Center — —-—-1. 7 4A G. 36.d.06. ,23078. 
; to hallethe (ide of the ourward pentagon { G. 473-94. 2467572 


So is Radius in proportion | 
tothe Semidiameter of che outward pentagon — 4 G, 806,31, 2,90650 


' Intheſameby the firſt caſe of plaint1r ianzles, 


As fine halfethe angle at che Center 8.74G. 36.,06, , 23078, 
to 7 the ſide of the ou:ward pencagon 1G. 473-94 2, 67511, 
ſo line compl, halfe the angte at the Center —1.6. { A G, 36, 00, g, 907g. 
to the perpendicular of the ourward ""— 
pentagon — — A1l.651.3% 281446. 


"x# FCG. by the tighth caſe of plaine trianeles: 


A1 the (ine of the angle———— ——:.f C:G.86,d<6, , ootos. 
1s in proportion to the Front'— — — FG. 1:80, -— 2, 44715« 
fo fine halfe the linked angle — ——4F GC. 34.36. 9575313, 
to the line - F C. 158.98, 2,20134, 
'1u# the ſame'trianzleF C G. by the ſamecaſe, 
Asthe fine of the angle — r. FCG, 86.d. 06, 1,00106, 
is 1N proporr; to the tront — — F 6; 280; cc 2 44715, 
ſo is the ine of the angle —,GFC, 59, 30. 9193 53% 
' tO the head-line m_ — CG, 2:41.34, mm 2,;8353. 


-whichſubſtraced from the ſemidiam,_—— 4G, 806, 31, 
there remaines the ſemidiamerer 


of the inward petagon———————AC. 564. 47. 
inthe triangle F CN. by the thirdcaſe. 
"As Radiuris in proportion 
to the line before found FC. 158, 98, 22,0134 
fo fine the angle forming the flanke———$.F CN, 49. 06, — 9+ 80807, 
- 20 the flanks —mn_ mann oopmnnnmntnnmenener © Ni, 10% 19, 2, 00941 
y S - : wn hereto 


(25) 


whereto _ the line &rſt found 


SF, 93, 47, 


we have the diftance of the pentagons -©N or — 1D, 195, 66, 
which ſubRraQted from me IG Al. 652. 3%. 
there remaines the perpendicular of the 
inward pentagon = —_ — AD. 456. 66. 
In the triangle FN C bythe third caſe. 
As Radiat is in proportion 
to the line before found _— F -. 158, g8, 2,201;4. 


ſo fine compl. the angle forming the lanke—.-. 5,6. FCN.40.d.o6 g 88425, 


to the Gorge line , NC.8:1,78, 2, 08559, 
whereto adding halfe the Curtaine DN, —_— p ©09vs 
we have the line — w— Cc, 

which doubled is the fide of theinward, 

pentagon — — c, 6. . 


in the triangle F PN. bythe firſt caſe, 


As fine the inward flanking angle 8.F PN. 19.d. 36.—, 47659; 
is in proportion to the flanke — FN. 102.19, 2, 00941. 
ſo fine compl. the invrard flank, angle— r.c. F PN. 70. 36. —9,97435- 


tothe line—— DO ATRas 206 PN. 288, 58, mm 2, 46936, 
which ſubſtra& from the Curtaine ——— 0 N. 420, 
remaines the. ſecond Banke: — 31.4. 
tn the trianzle R'O G. by the fifth caſe. 
Tothe linc before found $G. 263.94... 
Adding the Curtaine — ON, 4:0, 
me have the line -_ - — —— 6; 0, To 
Firſt. © 

As the line R © or woe nn _—_— D, Lo, 66, 75,9080, 
i$ to that line s an—_  (, 683. 94. 2, $3502, 
ſo is Redius in proportion y 
»the tang. of the ang}: — 

Secondly. :_ 


As the fine of that antlo=mmnm—— _ w— ROG.74.d. 62, 01709. 
35 11 proportion the line —— KR G. 683, 94. wr 2,83 502, 
lois Radius in progortion 
tothe longeſt line of defence mm_zmz__ 0 G, 734 4 2, $f211, 
ed Te Wa eg e Wits OT If \: 


(26) 
In like ſort we might finde the diltances DM.PM &c 


Touching the fraftions in this and all other examples 
they are as we have before ſayd decimal ſo as the number 
ton the pricke ſignifies ſo many integers, the figurebe. 
hind the pricke, ſo many tenths f 4 unite 4s 711.4. lf 
before ſignifies 711 5; ſeete, ſo 711. 41. ſignifies 711 £. 
and the like i to be underſtood of all others. 


2. Example, 


In the ſame pentagonall figure, let theſe parts be as before, 

namely the Curcaine : — ON, 4:0, foot, 
the front of the bulwarke ——_— FG. 180, 

the angle forming the flanke FC N,qd. 
and let the fi:a k<d angle of the bulwarke be — FGH 74d. 


Then will the other angles be found by the ſecond rule 

' the foregoing chapter to be ſuch as are there expreſſedint 
latter of the two tables, and the fides we finde as before, in 
the triangle SGF. 


— TT 


As Radius is in proportion 
to the front of the bulwark — F G, 230, foote, 2, 44715. 
ſo fine the 'inward Hanking angk_ —— —x;,$G F, 184.60. 948998. 


totheline — — S5F,$6.5, 1, 9374 


Inthe ſame triangle SG F. 


As Radins is in proportion 
to the front of the bulwarke - — — F G, 280, 2, 44715. 
So (ine compl, the;inward flanking angle— s. c.s G F, 18 — 06, 9, 97821. 


to the line — $ G 266, 2 9— 2, 42536, 
whereunto addding halfe rhe Curtaintumnny — S /, 210. 
the ſumme is the line m—— — 1G, 476. 29. 


which doubled is the diſtance of the angular 
Points of the bebe rammrrrmns — K 6G. 95 Z, 58, 


K d da & Q 


if: rriangle l AG. 


As fine halfe the angle at the center —$.1 4 G. 36. d. 06,,23 058, 
to halfe the ſide of the outward pentazon — 1 G. 47 6.29, -2,67787, 
$0 is Kadias in proportion to the 


Semidiamet. of the ourggrd pentagon AG. 810, 31 — 2,905365, 


In the ſame triangle: 


As fine halfe the angle at the center — wn s.1 4G. 36.d. 06. ,23078, 


t0S the fide of the outward pentagon IG 476. 19. 2,67787. 
lof11e compl, halfe the angle at the cemer—s. c. 7 & G. 36,06. 9.99796, 


to the greater perpeadiculer ——_— - AI, 655.56. 2,8 z66x, 


In the triangle FCG, 


As the fine of the angle —. ' $.F CG, 86.6. 06, ,09106, 
FG. 2:80, I 2 ,44715. 
——$,F GC, 36.06. 9,769. 


w——_—_—meF C, 164 98, 2,21743. 
E Is 


is in proportion to the Front 
* {% ſine halfe the Aank:d anzle 


to the line 


(18) 


Inthe ſame triangle FCG, 


As the finedf the angler —— — 5, F CG.86.4.06. £0106, 
is in proportion to the front ——_ ———— F G. $0. tr, 


fo is the of the angle — — 3. G FC. 58.00. $;92842, 
tothe head-line— ————— CG. 238.03. 43766; 
W hich ſubſtraRted from the ſemidiam. —AG.8103r, 

there retnaines the ſemidiamerer 

of the inner pentagon m4 C.572. 28, 


Inthe triangle FCN. 
As Radieriy in proportion 


tothe line bef6re found — F C, 164. g8, 2, 21743, 
ſo fine thee angle forming the flanke $. FCN. 40.d.06, g,80807, 


to the flanke —t—— F N, 06. of, 2,050, 
wheceto adding the [ine firſt found ———— $,F.86, 52, 

we have the diſtance of the pentag.$ N or—— — 1D. 192. 57, 
which ſubſtracted from the perpendicular Al. 6y5. 56, 
leaves the perpend, of the word prangen-. us D. 462, 99. 


In the triangle FN C: 


A Ridin is in proportion 

to the line before fonnd-... — 6. 164. 98, 2,21743, 
To Lace top. the angle forminz the flanke—3.c.F C N. 40.d. 06. 9.8845, 
tothe Gorge [inc oooonos nbd nn 7 C126, 38, 2,10168, 
whereunto adding halfe the Curtaine =—— —— DN. 210, 
ferne is thelineaw ———. —_w_—_—— DC, ;6. ;s. 
whicldoubled is the fide of the inward 

pentagon « tt - — _—_—_——— C6. 


In the triangle FP N. 


As fine the inward flanking angle =— 5s. F PN. 18d. 06, 0, 51002, 
3s in proport.on tothe flanke -—— we_ſfFN, 6 OF, 2, 02552, 
ſoſine-cowp. the iuward flanking angle=——s.c.F PN. 18.00, 9,97821, 
tothe line —— - w— _—_—_—_—_—___  Þ N, 36,39. ,5 13. 
which ſadſtraQed from the Curtaincommoan——=—— ON, 4:0. 


ternaines theſetond flanke — 


(29) 
In the triangle ROG, 


Tothe line before found eo — c— $G. 266. 29. 
adding the curtaine ——— —— yn, 4.0, 


we have th: [ing ooo apy nn ren ty wo G. 600, 29 


then 


As the line R O of —— crounx — 1 'D. 193. TP. 7,72541. 
5 tO that line ——— _—_— KG. 486.29. 2, 8:65 1. 


ſo is Radius in proportion 


ro che rangene of the angle e——k.k 0 G. 94d. 20. 10, 55198, 
Secondly. 

As the (ine of that angle — ROG.74.d.:6, go01646, 

isin proportion to the line — — KG. 656, 2g, 2.33651, 

=> ns 7 mee pre ——__—G, 7. . 5297 


3. Example. 


In this Tetragenall or Quadranguler Fort following 

Let the length of the Curiaine be ON. 43-1. or 420.f. 
the fr ont of the balworke be FG.28.r. or 280. f. 
the angie forming the flanke F CN. 40. d. 00. 
the flanked angle of the bulworks F GH. 60.d. Qo. 


Thenwill the other angles be found by cither of the 
rules Chapter 4. tobeſuch as are ex in cither of 
the two tables there: and for finding the ſides we pro- 
ceed as before thus. 


In the triangle SG F. 
As Rodivs is in proportion 


to the front of the bulworke ——=__—_— > F Gato, foore, 2,447 15, 
ſo fine the inward {linking angle oo —_—_— s.$GF.15.d, 06. 9g. 41300. 


E 2 in 


—= — — — ww 9 => a — -— — 


| | 'A | E 
In the ſame triangle SG F. 
As Radius is in proportion 


to the frone of. che bulwark F G. :80, foote, 2, 44715. 
ſo fine comp. the inward flanking angle —= 8. c. 8 G F. 15. 00, g, 98494. 


to the line $G. 370. 45, 2, 43309. * 
vhereunto adding halfe the Curtaine — SI. 210. 
the ſumme is the line IG, 480, 45. 
yehith doubled is the Gide of the outyerd 
terragen — x K.G. 960. go, 
In tht triangle I AG. 


s.1 AG. 45.9. 06, 0.1501, 


As fine halfe the angle at the center 


to halfe the fide of the outward tetragon -1G, 480, 45, 2,68 16x, 

gals. AG. 679.46. 2, 83216. 
In the ſame triangle. 

As fine halfe the angle at the center $. 14 G. 45. .06. 0, 15051, 


to halfe the (ide of the outward tetragon I G: 480. 45. 2, 68165, 
ſo fine compl. halſe the angle at the center ——5ax, 1 4 G. 45. 00.9,84949. 


to the greater perpendiculer m—_— A], 0,45. 65.6, 


in. 


(31) 
In the triangle FCG. 


As thefine of the anzle —= s.FCG.95.9.06. 0, 091Cs, 


is in proportion to the front ——— FG, 280, -— 2444715. 
ſo fiae halfe the lanked angle— s.F G £.30.6.,06, g. 6g8g7, 


: — —— — 
tothe line — F..149, 53. 2,14776, 


Inthe ſame triangle F CG, 


As the fine of the angle i _s.FCC.95, 06d. 0,00166, 


is in proportion tothe front ———— —————-F 6, 289, —— 2, 44715, 
ſo is the (ine of the angle s,G Fc.,55.d.06. 991336, 
to the head line — —_ CG.230.23. 2, 36217, 


which taken from the greater ſemidiameter—— 4 G, 679. 46. 
remaines the lefler ſemidiameter 


n—_—_ c. 449. 3} 


In the triangle FCN. 


As Radias is in proportion 

to the line before found — F C.140.d. 53.2: 14778, 
fo fine the angle forming the anke $.F CN. 40.d. 00, 9.80807, 
to the flanke _ F N. 90. 33+ 1.95585. 
whereunto adding the line firft found —— SF. 72.47. 

we have the diſtance of the ewo terrag, ©. XG and B C. 162.80, 

which ſubſtraRed from the perpend, w— 4 I, 480.45. 

there remaines the perpendiculer of 

the inward KtragOl ———— AD. 317.65. 


In the triangle FN C. 


As Redixs is in proportion 
to the line before found FC. 140. 53« 2414778. 
ſo ſine compl. the angle forming the flanke.-s.c. F CN. 40.6. 06. 9,88 425. 


to the Garge line NC. 107, 66, 2,03203,+ 


— 


whereunto adding halfe the curtaine — DN. 210. 
we have the line- DC. 317. 96, 
which doubled is the fide of the inward 

tetragon — BC, 63x. 33: 


E 3 


(33) 
In the triaucle F PN, 


As fine the inward flanking angle »FPN, 15.4. 06, 0,53500, 
is in proportion to the flanke — FN go. 33 1,95585. 
ſo fine compl. the invvard fimking angle— $.c.F PN, 15, ' 09, 9,98494. 


to theline —_ PN.337. 11. 2,527 79, 
which ſubſtraRed from the curtaine — en ON, 420. 
remaines the lecond flanke ———— 0 P.#2.87, 
In the triangle ROG. 
Totheline before found _ $G. 170.45. 
adding the Curtain wn —— ON. 410, 
ſumme is the ljac = RG. 695.45. 


Firſt, 


As the line RO or ID, 162.80, 7,288 ;5, 
is it: proportion to the line - —R G, 690. 45. 2,8;913, 
ſois Rading in proportion | 
ro the tangent of the angle tRO G.764.44.10,6:748, 
Secondly. 
As the (ine of that angle ————, 80G... 44.0, 01174, 
is in proportion to the line—. _ AG. 690. 45.», $3912. 


ſo is Radixs in rtion 
to the fixed or longeſt line of defence ——————— 0G, 70964 2. 2 $5090 


4+ Example, 


Let there be a heptagon or figure of ſeven ſides to be for- 
tified with bulworkes, 4c, Fe 4 


Let the length of the curtaine be O N. 420, foote 
the front of the bulwarke F G. 280, 
the angle of the bulwarke F GH. 85.4, 43+ 


Then'will the other angles be according to the o 
con 


(33) 
cond rule and ſecond table of the fourth Chap. and for 
finding the fides weproceede as before laying. 


LLICTTTTYLAIL TTTqILY) 16 rnrfarrs ether bo 


In the triangle $ G F. 


As Radint is in proportion 


f the bulyorke wm—mn———_—f 6, 230, non 23 44715. 
af oyropphndteyoaryen angle — $.SGF.219, 26. 9.56279, 
w the line aun —_—_—_—;F, 10. :,00994- 


is 


* (34) 
In the ſame triangle SG F. 


As Radiat is in proportion 

to the front cf the bulwcrie —fd,:,.. 4471, 
ſo fine compl. the inward flanking angle = s,c,SGF,2 1.16. g,96' 88, 
to the line — --_-_ G,:6,6;.,460;. 
whereunto adding halfe the curtaine m— — ——- $7. 210. 

the ſumme is the line 
which doubled is the fide of the 

outward heprigon _ ————-—6, 94t. 26, 


In the triangle I AG. 
As fine halfe the angle at the center — —$.14G.:5.43- 0,36259, 
to halfe the file of the outward bepta; ono m.G,470.6;. 67:68 


ſo is Radius in proportion to the 
ſcmigameter of the ourward heptagon 


—  / G. 479.63, 


—4 G.1to84.61, 3,03 527, 


in the ſametrianzle I AG. 


As Gne halfe the angle at the center ——— $8.7 4 G. 25.4. 43'.0,36259, 
to halfe the fide of the outward hepragoa — /G.479% 63.2, 65:68. 
fo fine compl. halfe the 2n31e at the center — $.C:T AG, 254. 43 «9, 95470, 


to the greater perpendiculer = A [, 977.17. 2:93 997, 


In the triangle FCG. 


As the line of the angle «— s,F CG.75.4.43'. 9,01364, 
isin proportion to the front —= — — F,G.280, -— 2,44715. 
ſo fine halfe the flanked anglc $.F G c. 43.51..-9 83261, 


to the line — 


m—_—  F Cc, 16.5. :,:9340. 


In the ſame triangle F CG. 


As the (ine of the angle —= —————$.FCG, 75.40.43 .0,01364 


is in proportion to the front = - - - -- -»— — F G. 280: — 2, 44715. 
ſo is the fine of the angle -w—===-- - -=$.GFC,61.4.,26', 9194362. 
tothe head-line —-- = = = = — — ———— CG. 253. 75. 249441. 


which taken from the greater ſemidiamerer——— 4 G. 1984, 61. 
there remaines the ſend, of the inward heptagon— 4 C,830.86, 


Is 


(38) 
In the trifle BG. 


AtAdiox is in fropottivn- - _— LILLE 
toes line boFore font — 19601-49546. 
fofinerhe angle forming the flanke $, F,C.N.,4%4 96: wn $009. 
tthe Hankec oo dt pr — —< x fNv:1a14;7 
whereto adding the |:nc firſt found SF. 102 37. 


—- 1 D. 228.63. 


—7 
A1,977.17. 


ſumme is the diſtance of rhe ler nut 
which ſubſtrated from the perpend 


there remaines the perp<adicular ; Las eV. 2 
ef inwrd hepa OO ————4D. "ab.6s,. 
£ In the triangle EN Col OOO! 
As | Radivsi is in proportion 
before ms cds Ie OY YN. 
the angltormuagche flughkera fo GNerap 


ali 
addin? Nalfe rh0 Girral i, 2h : arte 


we have the line —— D C, 360. 54. ILELS 
which doubied is the fide of the inward 


p-ntagon Tm ——rC7:.08. 
ES PRES In the trjangle FP N... iO 5 ni,viled 
As fine the in ard: nleoe—a, no 00-£-echnns 


is in proportian td the flanke ——— — FN. 126, 3%, 2,10147. 


fo ne compl, the inward fla king angles. CFP N, 21, FE Ant 
ts in on to theliac — FX ; — 
hl yt et from the curtxaine _— Z 0 N. 34 JIE 


remains the ſecond flanke — —2Þ, a «AY 
Laſtly, in thetriangleR OG. 

Tothe line bctore found ——» —k.... 

adding the curtaine — ON. 420. 


the ſumme is the Jiac m————_—_—_— RG, 680 Se 


(36) 
[Then Firl®: 


_—— O— 8G. 680.63, 2, 83291, 
— 


at t. RO G. 71.26, 10,4737 


Secondly, 
As the frnc of that infgltonmmn———— 0c. 6.0.01, 
ys > 8 ESP —cm— — & G. 68... 63. 2832191, . 


ſo is Rediar in 
eo the fixed or lies of defence 


. And after the forme of theſe examples, a—_—_———— 
determine the of the fides, 
_—— other mimber of ſides, under or. _— 


KG.718,00, 2,85611, 


To Example. 


Latly ins Qujodecagonof Gificens uall fidesand' 
angles, Eb y 


The Carteinti— - —— 0 N, 43. rods, 

_ ont ofthe fi bn — #6. 28.rods 
The ng firs we the flanke — FCN, 40:d.00. 

flanked — j the.bulworke F G H.g0.d. 00.. 


Theawillthe other angles be as followeth. 


_ NERIST poligon —- FA C.24.9. 00s 
maar pat. A ay. D AC. 12. 00. 
—_— » is balfe the angle of the peligen BC 4.5 6.on 


i ——_— 
——C—C——————— 


A T:7agon } Is 


Ul 
—_——_n inns ER, : 

AA CAO 
8 


Polizens 


— CO 


| degrees- 


(36) 


hen Firll. 
—_ ——— 1 D. 8, 6;. 7, bgoty. 
thatline —==——————&G. 686; 8:95. 


t. RO G. 71.26; 20,4737%% 


Secondly, 


As the frac of that w—_——— 0) 6,7 6.0.01, 
is ig proporriott ro thi RIEL KG. 68.. 63. 283291, 
ſo is Radiar in p ; 

eo the fixed or fling of defence 


RKG.718.00, 2,85612, 


And after the forme of theſe exam 
determine the quantities ofthe der! nie 


Forts of-any other number of ſides, is 
welve.. - 


5, Example. 


Eaſtly, in a Quindecagon of fifteenc equall fidesand* 
anglcs, hefoommbe cobeſins, y : 


The Cat tint —C—— —— 0 N. 42. r0ds. 
ms a the bulworke — ——— #6. 28.rods. 
paw) ne the flanke — FCN. 40.d.00. 

flanked par J the.bulworke F G H.go.d. 00.. 


Theawillthe other angles be as followeth. 
0 07g we nga —— FA C.24.0.00. 
= 


angle at the center iy mnenn D AC. 12. 00; 
| i balf the angle of the peiigen a 
ſ; 


G— ts A 


Poligzens the number of their ſides 


— ——  — ——_——— i 
— 


} 


The angle of the Poligen =——— 


The flanked anzle of the bulworke —— F GH. 
The angle of the ſhoulder — —- ——<NEFG. 
The inward flapking angle —— —-SGF. 
The outward flanki: g angle e=m—— K MG. 
The angle forming theflanke = — — FE CN. 


—— 


The Curtaine —= Talia oaks Mo 


The from of thebulworke 


The Gorge-line 


| The fide of the inner Poligon 


— —————- XC. 


The Semidiameter of the inner Poligon —» A C. 


| The perpendicular of the inner poligon——A D. 
| The Semidiameter of the outer Poligon + A G\, 


' The ſide of the owter Poligen 


The diſtance of the poligons 
The flanke —— —- 
The head. line —— —- —— 


——— | G5; 
| Theperpendicnlay of the outter Poligon __ AT. 


—bs Bs 
ESDTS 


The ſhoulder from the Center = — — FC. 
| The ſecond flinke ———— >——— - OP. 
| The lowgeſt line of defence ————— O G. 


— 


menſions ofany Regular Fortification from theTetragon (| 
1 the flanked angle being; parts of the angle of the Poligon. ' 


their ſides 8 | 
wn | 


. "degrees. degrees. degrees. 


+ <o— BCE. : 1283 I35 
bulworke —— EF GH. $855 90 
er LL IEC. I115 IIzh 
gle — —SGF. 215 22.4...) 
Wgle = —— KMG. 1375 þ 135 


anke — —- — F C N.| 7 | _ 40 
| { CEmtuSe. 


—— N41 , - 42 | 
ke _ _ F G. | 
c——_— _—__— C, 
inner Poligon — A C. 
ligon —— —— BC 
inner poligen —— A D, 
be onter Poligon — A G, 
ligen ————- Kk G; 
outter Poligon — AT. 
LOO moomommmmcce Dl; 


— — FN; 


— CG. 


enter ws — — FC. 
 A——o————R—y  —_—_— Oo P, 


WE ———— OG. 


*LE *10] 421)v N91 23111 


— 


A Table ofthe di ons of af'y Regular Fortification from the Tetragon to theDodecagon; 


the fl angle being halfe the angle of the Poligon, and 15.degrecs, 
i | | 
Poligens the number of their ſides 4 | 5 | HT BED 20 | 9 10 II 12 
Im mere nts drm = = | | - | wommnagh 
| 8 [$2*->7; degrees. degrees. degrees. degrees. degrees. |degrees, degrees. |degrecs. Jegrees, 

The angle of the Poligan =——=-——+—-B CE. 90 | 108 120 1283 | I35 140 144'..| 1474 | 150 
The flanked angle of the bulworke —+- F' GH. 60 69. 75 797__| 82 I 85 87 $8.:. | 90 
The angle of the ſhoulder — ——=—<N F G.| £93 09 x II2% 11457 , 1167 Il75 i187 | 119... | 120 
The inward flanking angle —m— — SGF.| 35 | 195 22 7 24 75 26% þ. 27.5 | 23. 29 2. zo. 
The outward flanking angle ——— KM G. - 130 | 141 135 I30- | 127. | 125 123, 1214. | 120 
The angle forming the flanke -—= — + F C N.|__ 4? 42 | 49 T9... 1-2... 36 WR) 51 | 40 4© | 40 

-+ ram s Þ-. Ces So trod..cent{rod. (cent rod. [cent 0d.cent[rod. cent|rod. cent|rod. cent 
The Curtarne —— ON.| 42490 | 42100 | 42400 | 42| 00 42 00| 42 {0a | 42/90 |-42-| 00 '4:\ oo] || 
The front of the bulworke ———EFG.| 28190 |28]00| 28] oo-} $8] 00 | 28 3 28-| o0| 28 00| 2$ | 00| 28|00 
The Gorge-line — — NC.|10|77| 12 j18]|13|26|14| 12| 14|83| 15|42] 15 932] 16| 36] 1673 
The Semidiameter of the inner Poligh—AC.|44|92 | 56445 | 68| 52'] 80|94 | 93 63 [106 | 49 9\49 |t32 $7 |145 | $0 


[1 

The fide of the inner Poligon _—— DE62 $3 |66|36[68| 52.1 .70| 24 | 71 | 66 72 | 84 73/85] 74 |71| 75147 
| The perpendicular of the jnwer po —A | 72190 | 86| 50. [100 | e6|113 64 [127 | 20[140|$3 
The Semidiameter of the outer Poliga@+— A G.\ 67 | 95 | 80 [63 [93] 74 [197] 05. [120 50 [124 | 02 [147, 59 [161 | 16 [174|83] 
The ſide of the outcr Poligen — + += KG.'96 fog | 94179 [93] 74 | 9: 90 | 92|22 | 91| 67| 91, 21 90 | 83] 90|50 
The perpendicular of the putter Poligih-—A 14.48 (04 65123481] 18|96| 42 [111 | 32 1125 | 93 [140 37 [154 | 63 168| 
| The diffance of the poligens m— -DT.;:26 |-28 ſ 19175721 8. | 231} 532 | 24 | 83 | 25 87] 26,72 | 27 | 43] 28 04 
'The flanke ———— — i—- EN. Il} 85 | 12'44| 12 | $4 13/36| 13. 72 14 | 04 
| The head. line —— ——— CG. 2302124118] 25 | 22. 26] 11 | 26. $87| 27 | 53] 28/10 | 28 \59| 29103 
The ſhoulder from the Center EC.\24 þos | 251 90{27 | 31 | 18 43 | 19 '36| 20 |23| 20, 79| 21 | 35] 21 | 85. 
The ſecond flanke —— w__——_ 'O Petr8 k2g9 1134 12475 [13 | 16 | 14 | 16|57-| 19|14| 17 39| 17 | 56 17/68 
7 he loneeſt line of defence -——> ©-G470 94 wh 4 vs Hay | 71 55} 71| 67 71,77} 7e 186 71| 94] 


— — — — ——— 


And ſeeing the 


PF | {37 DER. 
which ook he ang of Be | ap6vob. 


the f 


"| Fhe ſommeis the 
. from which the "__ an 
reſts the 


= GS | 


lint —— GFC, 7 73.00, 


hy 
ro nick 2 be flanked angle = FGC.45-00. 


118.00. 


iwo 


> of thernward / wor 
| which dis the ontward 


from thetetragontothe 
chapter. 


right 
ſite to the front —— FEE.62.00, 


Having thus ſet downe the angles; the fides and 0- 
mom. ry as in the foure 
, which therefore we 


180.00. 


$5—— 8FG.$7:00. 
ang K MG 11 4-00. 


paſſe over, and willnext 
exhibite intwotables, the Iincs (which we have before 
ſhewed rocalculate) in a Fort of any number of fides, 


according to the 


angles found by cither of the rwo rules of the fourth 


*L£ *10] 431)v 91 23114 


ATableofthe 


dimenſions of ary Re 


_— 


hn, —— — —. A 


'"T 


DC ' a. at uu ""—_ a. _ " a 


|; ular Fortification from the Tetragon to the Dodecagon; 
the flanked angle being halfe the angle of the Poligon, and 15. degrecs, 
F: | wy | | Elo 
Polizens the number of their ſides 4 | 5 | 6+} FT *L1-8 9 10 II 12 
degrees. degrees. degrees. degrees, degrees. iegrees, degrees. |Jegrecs. |egrees, 
The anzleof the Poligen ———=—= i ÞCE.| 4? 108 | 120 1287 | I35 140 144 147-5 | 150 
The flanked angle of the bulworke —— F' GH. 9 © | 25 79”_| 825. .1,"v5 87 | 88:; 
ops 1b e ſhoulder —+ = —— NF GC. £05 io? x 12 7 11447. 1163 | 1175 1185 119 2. 
| The inw flanking angle ——= ——'SGF. 5 ES 22 5 24 75 203 373 LE 29 2, 
The outwlyd flanking angle ——— KM G.| - 12” | 47 , |.335 i307} 327g jo 23, Log 
The angel ormine the flapke —= ——ÞF CN. 1 AP 49 qv __ 1.42 $2, tv 2 AO 
p72 RAE © | ——"\rod.{ccne rod.|centjrod...cent{rod. (cent rod. cent[r0d.'\cent/rod. cent|rod. cent 
———— ON. 4: {96 | 4200 | 42.00 | 42| 00.| 42 Ge | qz [00 42\ 00 |:42-| 00 
— —FG.| 28100 |28100|28 | oo-} $8] 00 | 28 | 00| 28-| 00 28 00 28 | 00 
———————- NC.j10|77| 72 18] 13|26| 14| 12| 14 |83| 15 | 42 15, 93] 16| 36 
ameter of the inner Poligen — A C+| 44 92 | 56445 | 68:| 52] 80]94 | 93 | 63 106 | 49 11949 [132 |57 
The fide of the inner Poligon-—— +—B C163 |53 | 66 |36|68| 52.1 .70|24 | 71 |66| 72 84| 73, 85] 74 |.77 
The per dicalar of the ;nuer poliget*—A De 31 [76 | 45.167 {59 | 34] 72] 90 86|50 100 | 6 113 64 [127 |20 
The Se bancrer of th) ent Forget Tn 67\|95 | 80 |63 | 93] 74 [197] 05 [120 {50 124 | 02 [147, 59 |161| 10 
The fide if the outer Poligon —— = K-G.!96|og | 94179 1931 74 | 95190 | $2|22| 91 67 | 91, 21 90 | 33 
Thep dicwlar of theyuger Polign—" 1:48 o4 651234811 28|96| 42 [111 | 321125 | 93 140 37 [154 | 63 
The diffynce of the poligens =—— >= -D1.::16 | 28 þ 19 $7 f 3737 84 23} 52. 24 | 83 | 25 | 87] 26,72 | 27 | 43 
The fl | —— EN.) g|03|10|22|11; 13 11] 85 12 | 44 12 | $4 134.36] 13. 72 
| The headline nn Laan iz CG; |ez1l 24118}25 | 22: 26| 11 | 26. 87| 27 | 33 28, 10 28 | 59 
The ſho et =? 414 þo5 | 25 9o[17\ 31 | 18] 43 | 19. | 36 | 20 | 13| 20,79 | 2135 
The ſecond nke —=— m— 0 P.: 38 k29 | 239 12 15113] 16| 14 | 16| 77} 17] 14] 17 39| 17 | 56 
7 he lon 470 54 on [a4 [7 z3o| 71 43 | 77 55 71 67/ 71,77] 78/86 
[1 Re 4 | | WM. 


37 : 


which doubled uu the ae of riepelgon-00n-ap6bb- 
oo angle ts ——=—————F-GC«4400- 
enfrom halfeths angle of chepoligs- — > an 
leaves the inward es 
whereunts adding « — ED 
the ſammme is the Ef cbedee. — NF6G-123-00. 
from which thes the flank NFC,50.00, 
refts the phe : line—— GFC. 73.00. 
” (nbck in erhe — dg@-—— PECH3300. 
— 7118.00. 
which a 180.00, 
ol aa ſama wh 1s ——FE6.62.00. 
a 16 0 kh —— 8FG.$7:00. 
whic d is the outward fla aAgs K M46 114-00. 


Having thus ſet downe the angles; the fides and 0 
ther lines are found, as in the foure 
gong, which therefore we paſſe over will next 
exhi 


; emo tables, the fites (which we have befors 
ſhewed rocalculate) ina Fort of any number of fides, 
from the tetragontothe according to the 
angles found by cither of the rwo rules of the fourth 


chapter. 


A Tabl Z fthe dimenſions of ary Regular Fortification from the Tetragon to theDodeca on; 
mT | the flankedangle being halfethe angle of the Poligon, and = : 


— Ie e_— _ _——— ———— 


—_— 
—_— c— 


— —__—— 


Poligens the number of their ſides | 4 


| 
| 7 | 8 
| 


' 
——_ 


; . 
| d cgrees. degrees. degrees. degrees, degrees. 


The angle of the Poligont—— ——BCE.| -99 120 1284 | 135 
The flanked angle of the bhlworke —— FG H.| ©9 75 i197 __ 82, 
The angleof the ſhoulder, —; — — NFG.| £95 ir | (40 y "$97. 1167 
The inward flanking angle —— —-—- $GF.| #3 | 22 7 *+ 75 26 5 
The outward flanking angle ——— K M G. the 135 15%;... 1373 
The angle forming the flanke == — — F C N.|__ 4? 6 g9 __ 1.48 br TIO 
ONE $7 rod.|ccne rod; d..cent{rod. (cent rod. |cent|rod..cent, rod. cent|rod, 
The Curtarne —rm=———— ON.| 42 gc 1: 42 

The front of the bulworke —— FG. 28]oc 28 
The Gorge-line | — NC.|10 I'4 
The Semidiameter of the inner Poligon — A C.| 44 | 52] 80 
The fide of the inner Poljpon; —=& ++—BC.|63 70 
The perpendicular of the jnner polige<— A D., 31 | 72 
The Semidiameter of = outer Poligen — A G.| 67 107 
The fide of the outer Poligen —— + KG.'96| 92 
\ The perpendicular of the putter Poligun— A 1.) 48 123: |-96 
The diftance of the poligens —>=—<— :DI.:16 | | 23 
The flavke ——— Sa: EN, g T 
The head. line —— —- wrmn_dndb= cnn 2 CG 33 | | | 26 
The ſhoulder fromthe Canter 6— = E C.\'14 | | 18 
The ſecond flanke =—— wxim—__ —- 0 P. v8 1x5: I6 
7 he longeſt line of defence -—<— O-G 70 71 

| | 


Ol CO Ire ee 0 A EN 


V 
* 

XY 
4 
E- 
'D 
x 
= 
wvy 
i | 
oY 


—_— 


— 


- a | 


\ (40) 
Tex hifeinbleswe have ſhr'dawne the menſures of 
ls Fort 


peeterhpareo rc $; it" rod$-21d cetteſmes or 
HSadeeh} ; accounting (as we have befort 
CEN - 16:foetetoa rod, or inrods, frete and 
fears pres of teere,"thus' 70} 94 is 70 fods and 94. 
aarefmesvf 2rod thar is 6 22Tro0ds orit is 70, rods, 


ny 5m tg and the like istobe 
eneexi600$\rdbreſt2nn 
,00.K9 --* LJ co — YUA -£722 \ 
Many dtherfuck rablesmight be ſer downe forſe- 
—_ = in fortification, but ſei _ 


ants; 
7 
310790 9VEC 98 $319 


A 


2954 30 T2dmmna yank 10 3A 

2977 01 901919926 ,OWAPY? V1 

(240K 24110 295 OW3 2017 16 75; 

Problemes or Queſtions, touching ſuchwariows proportions 
45 are or may be nſedin Fortification, 


aeſt. I. 


x-4pO Et there be a ſquare, the fide therrof B C. cons 

Ta2 Faining 35 parts, andilet this ſquare be for. 
<< A tified with bulworkes , ſo as the Gorge-line 
NS NC. may be 7 of thoſe parts; the Curtaine 
ON, 


(42) 
O N21; andtha flanke N F.-5-parts, anibdet rhe. 
of the bulworke be in a right line with the 
defence, whith line of 6 ſuppoſe tobe 60, r0d1,g] 


demand the quantity of the angits,) and of the parti af 


this FortY © 


Herethen in the right angled triangle-© F N, the 


curtaine © N. being 21. parts, and the flanke NA.ug. 


parts, we may finde the angles, ſaying 


>> [i A 
q YC j/[ © 
[: 
is in proportion to Radius | 
ſois the Curtaane —— ON, 21.partS-T,$2 22» 


to the tangent of the angle—t, OFN,n6.36,3.10,6432s 

wherets is equall the angle » IM 6.76.36. 

which donbledis the out flanking an. K 2G.15 3-13 :/ 

alſo the complement of O FN is FO N, 13:24. 
F: 3 | alſo 


tone of 


(42) 
ic vp f"R Sew beſſerbearg le 

of thetetragon name! _ - DANES PIT 
there remaines bal 1h anked angle, FGC.31.36. 
which dowbledist p<rv pair 63.13, 
ag4ine to the imward flanking angle —I6G M.1 3.24- 
adding «right angle —— - _ 
we have the be of the ſhoulder — N. F 6.10324. 


Now thenin the triangle 0 G C, we hayethe fixed 


line of defence 0 G. 600: foote, and the for 
the obtuſcangle 0 CG. isthe complemene of halfe the 
angleofthetetragon D C 4.to 180. degrees. 


ee oen——_— DC4. 45.4, 06, 0,1505, 


eo the fixed line of — _ O G, 600, foote. 247703, 

ot > A. vr Ee 13.4. 24". 93650, 

to the head-line —6C. 196. 6, 22937, 
in the ſame triangle for OC. 

As fine halfe the angle of the rerragon———s. DCA. 45.4. 66, 150g, 

to the line of defence G. 600, foote. 2,758 2. 

ſo ne halfe the flanked angle | —— « 31. 36. 97193. 

to the curtaine, and Linc ——— — 0 C. 444.7. 2,6480, 

the fourth thereof is the Gorge —— NC. 111, 2, 

the reſidue is the curtaine ON. 333- 5+ 

Alſo the fumme of O Cand NG is the 

fide of the inveard tetragon» = - = = = = = Bc.g$55.8. 

s ſeventh part whereof 1s the lanke—— = = = = = = = NF. 79. 4- 


Inthe right angled triangle OFN for OF. 


As the fine of the angle ———— —— — —$ 0 FN. 76. ;& 0,91. 
i»the proportion to the curtaine — NN... 
ſois Readies to the diftance of the ſhoulder —D——_0 F. 20%. 6 21535 
which taken from the line of defence —= = = » = = w- » 06, 60 


2 Ramo an, 


& 


< 
£ 
j 


(43) 
I the triangle ADC,fw AC. 


Os = bn as” «297-96 
is equal the perpendicular m—_— 4 D779 


|  _ wherefore 


Az bdffe the hho ammn———_— 6, 200% 
m— 4D. 7. 9. 2,44}9* 
OO —— 


I—_— 


| —\ (z. "196, 6. 
| wehare theſe 
| hs — AG: 589, 6. 
Is the triangle I G A.- 
As Kidius is in to | 
lemidiameter of the ourward terragon « 4G, 589. 6, 2,7706 
- ſo ſine halfe the angle of thetetragon s.I1 G 4, 44. 06. $5495 
ro the perpendicular - —_ AT. 416, g. 2, 6391, 
| ftom which taking che perpendic. — — AD. 277.96. 
reſts the diſtance of the tetragons ——] D. 139.0. 
allo to 4 1 is equall —— — 1 . 416. 9- 
which doubted 1s the fide of the 
ouryvard (erragen —— G8. 


Queſt. .II. 


Tet tht Curtaine bein proportion to the Gorge-lint as 2 10: 
1. andthe Gorge-line to the flanke, as 710 5. and let rhe 
front of the bulworke be in a right line, with 1he line of 
defence, which line of defence i Joppeſe to be 60 rods, 1 
h pon the quantityof the ang ins and of the parts Pr 
ls ihe Fort *: 


" 
This queſtion is in effeRt tha ſame with the for- 


[44) 


3 \ vw, Qderh Ion th 


In 4 quadrangular-fortrefſe;' let the (wrtaine be 
times fo much as the Gorge-line, and let the Gorge. line 
be equall ts the flanke, and tet the limt of Maf ence be 60. 
rods, and agree with the front of the bulmorke, what 
* Walt be the angles and ſides of ſach a Fortreſſe ? 


inthe triancle FO N. 


As the Curtaine ————__c—__ _-_) , . 9.3979. 
1810 proportion toRRadiac. parts. 9,3979 


So is the flanke —- —— -u=o-u_GEC-FN,1r,part, 0.0000. 
torang the inward flanking angle m— ;,oN. 4d. 6:, 943379. 
vhich ſubſtraced from haſfe the angle 

ofthe _—_ —_ m__GC, 45.4.6, 

leayes | angle —_ FG C.30. 18: 

which doubled is rhe flanked angle —— FG C. 61.56. 


Againethe compl. of FON or IGM. iS —_— 7MG.7;. 5, 
which doubled is the outwardAanking angle——=& MG. 151. $6, 
Laſtly to the inward flanking angle FON, 14.02, 
adding a right angle — 99. 00, 
we haye the angle of the ſhoulderaens NFG. 104.02, 


(45) 
Then for the ſides, and firſt in the triangle OGC, 


As fine halfe the angle of the tetragon — s. DCA. 45.96, 90,1505, 
to the fixed line of defence 0 G, 600, foote.2,773 w, 
ſo fine the inward flanking angle ————— —— $, GOC. 14.93. 9,3347, 


to the head-linc C G.i05+-8,-2,3134., 


Inthe ſamt triangle O GC. 


As fine theangleO CG or $.D C 4.45.00, o,rt505; 
tothe line of defences « = « = = = * a==——— 0 G, 600, foote, 2, 5782, 
ſo fine halfe the flanked angle —= —.FGCc.30.58, 9,79114. 
to the curtaine and grains _— 0C.436.6, 2,6401, 
the fift part whereof is the gorge-line m—_-N C.57,7, 

whereto is cquall the flanke NF. 87, 3. 

and ſubſtratting N C from © C 

there remaines the cuctaine — 0 N. 349. 2. 


In the triangle FON. 


As (fine compl.;the inward flanking angle—$s.c.FON. 14d. 62, 0,0132, 


is in proportion to the curtaine — ON, 349. 2. 225437, 
fo 1s Radius is proportion 

to the diſtance of the ſhoulder — O F. 360, 2, 5563. 
which ſubſtrafted from the line of defence == O (7, 600, 

there remaines the front — FG. 240. 

Againe if we adde halfe the curtaine = -D N.174.6, 


to the gorge-line __ N C. 87. z: 
the ſumme is the line — — coommmmnmncs DC. 61,9, 


whereto is equal the perpendicular — AD. 261.9, 
andthe fide D C doubled is the fide 


of the inward tetragon BC.5:3.8, 
In the triangle ADC. 
As fine halfe the angle of the tetragon—— s. DC 4. 45.d. 06, 041595, 
to the p:rpendicular — — —m— 4D. 261.9. :,4182, 
CO ——  — 


lois Radius in proportion to the 
ſemidiameter of the iftward terra On emo 
whereunto adding the head-line—— 


AC. 370. 4. 2,5687. 
CG. ox, 8. 


4 - ———————— 
we have the femidiameter of the;oytward tetragon— A G, 576.2. 


In 
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In the triangle TAG.. 


As Rediur isin proportion to the 
ſemidiamerer of the outward tetragon 


AG, $76. 1, 2,7606' 
ſo fine halfe the angle of the tetragon 1G 4. 45.00. 9.8495 


to the perpendiculer 4 1.407. 4, 2,610 
from which ſubRraRing ==—_—_—— — AD. :61.9. 
remaines the diſtance of the tetragons — D 1. 145+ $- 
Laſtly 4 T being here equall to—— 1 GG. 407. 4 
which doubled is the (ide of the outward tetragon. K G, 814. 9» 


Queſt. I11T. 


Let there be a Qnadrangulay Fort whoſe longeſt lin 
of defence OG admit 10 be 600 foote, the flanked 
angle FG H 60 degrees andthe angle F GN a fourth 
part of the flanked angle namely 15 degrees, what are. 
the other dimenſions of ſuch a F ort ? 


Here then halfe the flanked angle 


FG7. 30.4, 06. 


taken from halfe the angle of the tetragen———2—>—1I G Z. 45. oo, 
leaves the inward flanking angle - w— G M, 15.00, 
whereto is equall=——— FON. 15, 0, 


the compl: of either ig— — I MG. 75.00, 


— 


—_ 


(47) 
which doubled is the outward flanking angle— K MG, 150. 00, 
and if rothe angle F O N we adde —— go, 00, 
we have the angle of the ſhoulder -——=——— A FG. 105.00. 


laſtly ſubſtraRing the angle —- N GC. 15 00, 
from halfe the angle of che cerragon DCA 45.99. 
there remaines the angle G NC, 39.099, 
In thetriangle OGEC. 
As fine halfe theangleof the terragon «- | s.D C A. 454. 06. 0,1 5oy. 


tothe fixed line of defence = O G. 600. forte 22 $78 2. 
ſois fine the inward Banking angle —— s GOC.15. 00. 9. 4139, 


to the head-linfoom moron — CG,:19.6. 2,34 17- 


In the ſame trianzle. 


As fine halte the angle of the cerragon 8. D C 4.45.4. 06. 01505. 
is to the fixed line of defence is 0G. 609. foote. 27752, 
ſo is fine halfe the lanked angle ——- — s.0GCc.30.00.9, 6990 , 

| —————ntnrnnn— 


to the curtaine and one gorge-line 0 C.414. 3, 2, 6277* 


Inthe triangle GN C. 


As the fine of the angle ———— a —;,GN C. 304.06, 0,30 10, 
is cothe head line wnr—nnn ner rn (7 C, 21.9. 6, 2,3417_ 
{0 i5 the fine of the angle —— . -—-——$ NGC.r5.06. 9,419, 


to the goree-line — 
which ſubſtraced from the line —— 
there remaines the curtaine — 


—- NC. 113. 7, 2,0557* 
0 C 424. }., 
ON. 310,6. 


Is the triangle F O N: 


As Radigs is in proportion. 


tothe curtain © — nn ——_—_— ON. 310.6. 2,4922, 
ſo tang. the inwatd finkingangleo—_—-—tf ON, 15. 09, 9,4280. 
tothe flanke = ——m——_ FN, 83. 2.1,9202, 


G 2 In 
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In the ſame triangle? 


As fine the inward flanking angle—— « FON.15.d. 06. 0,5879, 
is in propartion to the flanke ——————=—_—_—_—__ FN, 8342, 1.9202, 


ſo is Radiat in proportion 
to the diſtance of the ſhouldefto—_—c trenreeeemeemeem OF,;2:1.5. 3, F072, 
which taken from the line of defence -m—_— 0 G, 609, 


leaves the front of the bulworke mo FG, 178.5, 
In the triangle ADC. 

And if unto halfe the curtaine == DN.15s. 3. 
we adde the gorge-line ——— — w—_— —,.. 
the ſumme 15 the Int —— — — C, :69.o, 
whereto is equall the perpendicular 4D.:69.0, 
Alſo the line D C doubled is the fide 

of the inward tetragon — = BC. 538, 0, 


As fine halfe theangle of the tetragon-——..1,D C 4.45.4. 06, 0,r5og! 
to the perpendicukr m— —c 41D,:6,,0, :,4;0, 
lo is Radius in proportion to the 
{emidiameter of the inwardteUagan ——- emm— 4 C, ; 3 , 2, 5805, 
whereunto adding the head+linc = c- CG.:19,6, 

we have the [emidiameter of the 6 

ouward (etragon —— — 4 (;, 69, 


In the trianele I GA. 


As Ralius is in proportion tothe 

ſemidiameter of rhe outward rc CAgol ena — ——— A G. 600, 2,798 T, 
lo line halfe the angle of the tetragon—— === 5,7 G 4.45.9. 06.9 8499. 
tO the perpendiculer—ow———E— ————— AI, 4.4.3. 2,627, 
from which ſubſtraRiog the perpend .— AD. 269.0, 


reſts the diſtance of the tetragons————— — 7 D.155. 3. 
Laſtly, I G. (which is equall co 4 1) doubled is 
the fide of the ourward tetragon om a—_—_ G4 5. 


We ſct downe the meaſures of the parts in feete, 


and tenth parts of feete, that being alwaycs or for the 
RR 
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moſt part ſufficient, but when you deſire moreexaQ- 
nefſe, you may uſe the logarithmes, totheeight places, 


or unto ſixe places asin this next queſtion wee have 
done, IS. 


Queſt. V. 


In this figure of a Pentagonall Fort, let the flanked angle 
be 69. degrees, and lit the angle FG Nbe a fourth 
part thereof, namely 17.9. 15'. and the flanke F N, 10. 

rods and 8 foote; and the Curtaine ON 36. rods; 1 de- 

mand the quantity of each part of ſuch a Fort ? 
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' From halfe the angle of chepentagon I'G A, $4.4. 06. 
ſubſtra halfe the flanked angle —F GC. 34. 3%. 
: reſts the inward flanking angle 7G P or FP N.19.—30. 


which added to a right angle —- 90, 
makes the avgle of the ſhoulder -— —— —— NF G. 10g, zo. 


And if from halfe the angle of the 
pentagon we (ubſtrat the anyje 
there remaines the angle= — 
. whoſe complement is —— — 


cums AN] GC. 17.d, 2x". 
G NC. 36.45. 
—— FNG5;.15. 


Firſt then is the triangle FPN. 


s.F PN.19.d, 30", 0,47650, 


As fine the inward flanking angle 


15 in proportion to the flinke ——_—— F N13, toote. 2,02 342. 
ſo line compl. the ſame angle —————_=s.c.FÞ N, 19,30. 9,97435, 
to the part of the curtaine — P N. 304. 98. 2,48427, 
hich ſubſtrated from the curtaine — ON 360. 
there remaines the ſecond flanke —OP.55s. 2, 


In the triangle F GN, 


As the fhe of the angle —- s.FGN.17.4. 15, 0,52791, 

18 in proportion tothe flanke -— FN. 108. foote, 2, 03342, 

ſo is the fine of the angle ——- s FNG.5$;.d.15'%.9,90377. 

in proportion to the front <= a—_— 7,9. 8. 2,4650. 
In the ſametriangle. 

As the ſine of the angle -—= _ s. FGN. 17,4. 15',0,52791, 


is in proportion to the flanke weePF N. 108, foore. 2,93 342. 


fo (ine the aggle of the ſhoulder thar is 


fige compl. the inward flanking angle—— s.c.F PN.19.30 9,97435- 

to the diſtance — — N G. 343-30» 2453 568. 
In the triangltN G C. 

As fine halfe the angle of the peruagon s. DC 4.54.4.06.0,09204. 

to the diſtance before found = == = — —— N G. 343+ 39-2, 53568, 

ſa fine 5 of the flanked angle S.NGC,17.15. 9447209. 

to the gorge-line — — NC. 125,84. 2, 0998 1. 


18 
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In the ſame triangle. 


As fine halfethe angle of the pentagon—— s.D C 4. 544. 06, 0,09204, 
is in proportion to the ſayd diſtance www ——N EG. 343.3, $3568. 


the fine of the angle —_ $. GN C. 36. 45.9, 77694. 
tothe head-line wm CG, 253.90. 23 40466, 


In the triangle OGN. 


As the fummeof O N and NG —— 
iseo the difference of O Nand N G 16,70, 1,22272. 


ſorang. halfe the angle G NG et.x3.d, 22. &. 9452136, 


tothe tangent of the difference 00.27 7. 7,39694. 
which added makes the angle 0GN. 18,4. 49. E. 


703: 38. 7,15286, 


Secondly, 
As the fine of that angle -———5,0GN.18.9. 49't. 0,49118, 
1548 proportion to the curtaine — ON, 360, 2,55630, 
fo the fine of the angle —— $.GNC. 36.d. 45". 9,77694- 
to che longeſt line of defence -m— 0 G.667.46. 2,82442, 
In the trianzle ADC. 
Halfe the curtaine is DN. 180 foote, 
and the gorge-lenc is — NC. 125.84. 
the ſurname of rhele — mn———_— 7 C,J05,, 4. 


which doubled is the ſide of the iaward pentagon — B ©, 611.67. 
As tang. lalfe the angle at the center —t.D 4 C.36.4. 06.0,13873; 
to halfe the ſide of the inward pentagon —=—=wm— D C. 305.84. 2,43549. 


ſo is Radiws in proportion to the 
the lefler perpendiculer = » = = = = = nn _— AD, 4:90.94. 262422, 


In the ſame trianzle. 


As (ine halfe the angle at the center s.D AC.36.d, 06,0, 23078, 
to halfe the fide of che inward pentagon D C. 305. 84. 248549. 


ſo 1s Radius in proportion to the 
ſemidiamerer of the inward pentagon —————— 4 C. 520,32, 2, 71627, 
whereto adding the head-line == == = = = = CG, 253.99, 


A G., 774.22, 


we have the ſemid.of the ourward pentag, 


To 


F4ag 
- 
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Inthe triangle 1 GA. 


6.4 


As Radius is in propottion to the 
ſemidixmet, of the outward pentagon—=——AC,77 4.11; 2,83886, 
ſo fine halfe the angle at the center s. 1 4G. 36.4, 06. 9,76922, 


to the line — - 1G4455. 03, 2,65898, 
which doubled is the fide of the outward 


pentagon —__————— KG. go. 16, 


Inthe ſame triangle, 


As Radius is in proportion to the 

ſemidiamer., of rhe outward pentagon ——— —4 G, 774.22, 2, 88986, 
ſo fine halfe the angle of the pentagon———s.1G 4.54.d. 06, g, 90796 
to the perpendiculec — A 1. 626,36, 2,7968 2, 
from which ſubſtraing the perpend— AD. 420. 94. | 


there remaines the diſtance of the pentagons ==——D 7, 205, 42. 


Queſt, VI. 


In the hexagonall Fort following; Let the front of the bul. 
-* warke be in proportion to the Curtaine as 2 10 3. and to 
the flanke, as 5 to 2. and let the diftance 7 the dia- 
mond points of the bulworkes K G.be $4. roads, andthe 
flanked angle of the bulworke, 55.4. Iwonuld know the 
fronts, curtaines and other lines of ſucha Fort ? 


' 
( 
' 
. 


From halfe the angle of the hexagOn——=- $GC.,60.d. 06, 
take halfe the flanked angle m— —— FGC.37.30. 
reſts the invvard flanking angle ___————$CF.::.30, 
vhoſe complement is em—_—=——_—_— SF 6G, 67. 30. 


Firſt 
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Firſt then in the triangle $F G; 


As Radius is in proportion 


to the front of the bulwor ke mem]. 


F.G, 2. parts, 0, 3010, 


fo the fine of the angle s.6 FG.67.d. 36. 9, 9656. 
to the lint ——ooeoem____—_ - - - - $G. 1.8478, 90,2666, 
whereunto adding halfe the curtaine —— D N, 1, 5000, 


we haye the lincocmn oo on noonmme 


1G.3. 3418. 


Which being haltc the diſtance of the diamond 
pointsof the Bulworkes X 6, is by ſuppoſition z 642+ 
roddes or 420. feete, 


” 


P 3 - | 


TICS 


L 
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IG. 3.3478.co.ur, 9,47 524, 
is to the front F G. in parts rn —— FG. parts, 0, 39103, 
ſois the ſame line 1G.1n fecte ——___ 1G. 4210 feere, —2,62325, 


As the line1 G. in parts 


to the ſayd front F G, in feete, ens FG. 50.9, 2,39952, 
As the front in parts em __. FG 1. 9,6990. 
is to the enrcaine IN PAſtS —,o — ON.3.0,4771. 
{o is the front in fcere - — F G.250.9. 2,3995. 
ro the curtaine infeere —— ON. 376, 4. 2,5756, 
As the front in parts em_—_—_ F G.s. 9 3010, 
i ro the flanke in parg —— —— F N, 2. ©, 3010, 
ſois the front in fecte — —F G.150.9,2,3995. 
tthe flanke in feete « — an— F N,1090,4, 2,0015. 


In the triangleS GF. 
As Radius 1s in proportion 


to the front of the bulworke _ .F G. 250.9 2, 3995. 
ſo fine the inward flanking angle $,SGF, 22.d.30 9,5828, 
ro the line umn mma} g6 0, 1.9823, 
w hereto adding the flabke »— F N. 100. 4, 


we have the diſtance of the hexagons N $, of mm CF, 196, 4. 


Inthe triangle V GC, 


fs foe halfe the ang "the heragons NS, or——— 6 7.60.4.00,0,0615, 
ro tHe diſtance of the hexagon NS or ww U C. 196. 4. 2, 2931 


lois Radius in proportion 


ww tie hcad-limhe rr mn — C G, Z2 6. 8 . 233 556. 
And as 

The foe of the outward hexagon is & = » = = - - KG $40. 

ſo is the ſemidiamer. of the fame hemtgon—wo—- 4 6.80. 

from which ſubſtraRing the head-lint— CG.::6.8, 


refts the ſemid. of the inward hexagon, om ——4c.6:;.2, 
whereto is <quall the fide of the 

inward hexag-n — BC.613, 1. 
the halte whereof ig—— DC, 3 06, 6, 
from which lubſtraRting kalfe the curtaine —— D N. 188, 2, 


N C,1 4.7 4- 


there remaincs the Gorge-line — 
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In the trizngle ADC, 


Az Rodin is in peoportion to the 
ſemidiamerer of the inward hex1gon MH Co 6th. 3. 2.78376, 
ſo fine halfe che angle oftle hexagots ————— 3, D C 4, 60.9. 09. 9,937 5 


ro dicular —_— yy. 
ey ” 


Queſt. VII. 


Let there be a hex angular F or1, and let the diſtance of the 
diamond points of the bulworkes be 86 rods 4. fone,the 
Caurtaine 38 rods 4 foote, the flanke 10 rods, and the 

flanked angle of the butworke 75. d. 00. what ſhall bee 
the fronts, the longeſt and ſhorteſt lines of defence, the 
gorges cndother parts of thu fort ? 


Queſt. VIIL 


In a hexangular fort, let the Gorge-line be in Proportion 
to the flanke, as 10.t0 7. and tothe ſide of the inward 
hexagon 4s 2, to 9. and let the ſecond flanke be in pro. 
protion 18 the firſt, as 6. to 7. andthe longeſt line of de. 
fence 72.104s : what ſhall be the ather parts of ſuch 4 
Fort? 


Queſt, I X, 


In fort of 6. ſides, the front being 29. rods, and the cur. 
tame in propertion tothe front as 4. 10 3. and theangle 
forming the flanke 40.9. I demand the other dimenſions 


of ſuch afort ? 
H 2 Queſt. 
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Queſt. -X, 


In.4 fort of ſixe ſides, admit uy apa angle of the bal. 
worke tobe 80, d. and the front in proportion to the 
curtaine 4s 2.10 3.and let the front be 29. reds, andthe 
angle forming the flanke 4.0, degrees : what are the dis 
menſrons of the other parts of ſuch a Fort ? 

Queſt. XI- 
| There ts aregulay fort of 7. bulworkes whoſe flanke # 12: 
rods, and the — the angulay points of its bul. 
workes is 86. 70ds 4. foote, and the flanked angle of the 
bulworke, $0. d. 1would know the other dimenſions 
=_ heptazon ſuppoſing the ſecond flanke 10 be 11, 
roas ? | ; 
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Hete according to the third chapter I finde 

the angle at the center of the heptagon—__—_— 4 Cc,.,:6, fee. 
the halfe thereof —_ A.D.A.C.:5.43. 
whoſe cowplem. is balfe the angle of the heptagon—— D.C. 4.64.17. 

from which ſubſtraQing halfe the flanked anghe———— F GC. 40.00, 
there remaines the inward flanking angle 1GP. 24. 17. 
whereto is equall the angle——— — G'P C. 24. 17, 

the complement of either is Þ F N or SF G.65.43. 
which doubled is the outward flanking angle——— &X M G. 131.26, 

Allo the compl. of SF G,to 180,d, 1s the angle. of 


the ſhoulder NFG.114: 217; 
Then for the fides, and firſt inthe triangle FP N, 

As fine the inward flanking angle s. FPN.24.4.17', 0,3859. 

is in proportion to the flanke FN. 120. foote. 2, 0792. 


ſo is the fine,of the atgle ———— — — $. PE N.65.d. 43". 9,9398. 


co the interſcRion of the curtaine=— P N. 266.0, 2, 4249, 
whereto adding the ſecond flanke OP.120, 


wie have the curtaing wenn _ ON, 386, foote, fere. 


In the ſame triangle. 


As fine the inward flanking angle— »%.FPN,24.d.17', 0,38 59; 
1s in proportion tothe flanke ——» F N, 120. foote. 2, 0992, 
ſo is Radiss in proportion 

50 the | +1 £1 £40 _a_  } 291.8. 2, 4651. 


In the triangle SG F: 


From rhe fide of the ourward heptagon » » == = - = = XK G, 864. 
ſubſraRing the curtaine & $ or — ——— ——— ON. 386, 
there remainesthe ſumme of X KR and -- —_— G.478. 
the halfe whereof isthe line. —_— $G,339. 


As the fine of the angle —,$FG.65.4.43.9% 0403, 
13 iN proportion to the line=e————_s $ G. 239. foote. 2, 3784, 
ſo kane theinward flanking angle mms ——5,SGF. 24.17. 9,6141;. 


tothe line = —— F.107.8. 2,037. 
Which added to the Hanke-o———w—_ — — AN F.120, 
gives the diſtance of the beptagony— aw MN $, 227.8, 


H 3 Jo ” 
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In the ſame triengle. 


As the ae of the anplc — QF =—_—____ - ;, SFG. 65.d. 43'- 0, 094012, 
is ia proportion to the line $ G. 239. 23784. 


fo is Redius in ion 

to the front of the bulworke FE.162.2, 2, 4206, 
whereco adding the line before found —— PF. 291.8. 

we haye the ſhorteſt line of defence P G. $54 9. 


In the triengle GP C. 


As ſine halfe the of the heptagon =——3.D C 4.64 4d. 17". 0, 0453; 
isin rtion to the line —_— PG. 554. 32,7435. 
ſo fine the inward flanking angle $.GPC, 24: 17.9, 6141, 


to the head-line CG. 252-9. 2,4939, 


Is the ſame trianele. 


As fine halfe the aogle of the heptagon———s. D C 4.64. d. 17". 0,0453. 
eo the ſhorteſt line of defence— — PG. 554. 2,7435- 
ſo isthe fine of halfe the flanked aogle Ss. P GC.40 dos. 9, 8081, 


to the line —— PC. 395. 3- 24 $909. 
from which ſubſtraQing the line —————— —— PN. 266, 
there remaines the gorge. ine — 


In the triangle [A G. 


As (ine halfe the angle ar the center onn—n—s,] 4 G, 25.d, 43". 9,3616, 
to halfe the fideof the outward heptagan —— ——{ 6.432. 2» 6355. 
{o is Radius in proportion to the 

ſemidiametr. ofthe ontward npcagen — A G6... 
from which (ubſtraRting the hc ſt ** © TER ———— —  C G. 252 9. 

leavcs the (emid, of the inward heptagon —————— AC.74. 7. 


If further you defire the fixed line of defence 0G. 
you have the right angle triangle, © XG. the baſe R G. 
625. fectc,and the perpendiculer 0 8.227.8. whereby 
0G. is eaſily found by the firſt caſe of plaine trian- 
ples. ; 


Queſt. 
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Queſt, X11, 


There is a regular Fort of 7.fides, whoſe flanke © a 11,rods, 
the diflance of the _ nts of the bulworkes, $7. 
rods, the flanked angie of the bu/worke 80. d: 1 would 
know the other parts of this fort, ſuppoſing the ſecond 
flanke tobe g, vods ? | 


Queſt, XIII. 


There is a heptanghular Fort, whoſe Gorge-lint is 14, rods, 
the flanke 12. rods, and the curtaine 38. rod; : I de- 
mand the _ of the other parts of ſuch a ſeptangu- 
lar fort, the flanked angle of its balworke being 79 3. 
degrees ? 


Queſt. XIII, 


There is a regular Fort of 7. bulworkes the flanked angle of 
each bulworke being 86. deg. ana the front being 2.9, 
rods , is in proportion 18 the Curtaineas 2.10 3. the an- 
gle forming the flanke, F C N. admit 0 be 40. degrees: 
1 would know the dimenſions of the other parts of ſuch a 
Fort? 


Queſt, XV. 


In «fort ofeight angles, let the flanke be 14. rod, the 
front 29. rods, the owrtaine 43, rods, the flanked angle 
of the bulworke yo, deg. what are the other parts of ſuch 


4 fort ? 


Queſt. 
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Queſt, X VI. 


In 4 fort of eight ſides, let the flanke be 13, rods, the ſe- 
cond flanke 12. rods, the diſtance of the angular points 
of the bulworkes 92. rods, the flanked angle 82, dee, 
30. what ſhall be the curtaines, fronts, gorges andother 


parts of ſuch 4 fort ? 
Queſt. X VII. 


Let the flanked angle of the bulworke be:go, deg. the angle 
forming the flanke F CN.. 40. deg. and let the front 
bein proportion to the cartaine as 2. to 3, ſuppoſing 
then the front to be 24. rods; what ſhall be the other 


parts of ſuch afort of 8. ſides, 
Queſt, XVIIL 


Let there be a fort of g, bulworkes, whoſe curtaine let be 
39 r0ds, the front of each bulworke 26, the flanke 13 
rods: what (ball be the other parts of ſuch a fortreſſe, 
ſuppoſing the flanked angle of each bulworketo be 85, 


degrees ? 


Queſt. XI X. 


In4fort of 9 ſides, let the flanked anzle be 85, deg. the 
ſhorteſt line of defence 60. rods, the longeſt line of de- 
fence 72. rods, Idemand the quantities of the other 

' parts of ſucha fort, ſuppoſing the Gorge-line-to. be in 
proportion to the flanke 4s 4.103 * 


Queſt. 
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Queſt, X X. 


There i a fort of nine ſides, whoſe flanked angle # 85 deg. 
the ſhovtet line of defence ſcowring the front 60, _—_ 
and the longeſt line of defence drawne from the flanke 
72, r0ds the perpendicular from the angular point of the 
bulworke to the flanke extended'S (3.5 equall to the di- 
ſtance of the outward and inward Nonagons SN, and 
either of them in proportion tothe ſide of the outward 
nonagen, us 2107. what ſhall bethe ather parts of ſuch 
a fort ? 


Queſt. X XI, 


eAdmit that of aregular fort having ten ſides, the flanked 
angle be 87 deg. the Gorge-line in proportion to tha 
flanke, a5 4. to 3. and the lines of tfence, namely the 
ſhorteſt 60. rods, and the longeſt 52. rods : what will be 
the other parts of ſuch a fort? 


Queſt, X XII. 


Againe admit in ſuch a fort the flanked angle be 87. oy 
the fixed line of defence 92. rods, the flanke 13 2. roas, 
and the go rge-line 18, rods; there is required the other 


parts of ſuch a fort* 
Queſt, XX III. 


Ina fort sf a eleven (i1cs, let the front be in proportion to 
the curtaint, as 2.10 3. and the gorge . line tothe flinke, 
4s 4 to 3.and li the diſtance of the angular points of 
the bulworkes be 90. rods, and the flanked angle of the 

I bulworke 
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bulworke 88 ; deg. 1 wonld kniw the ather parts of 


ſuch a fort * 
Queſt. XXITII.. 


Is ſuch a Fort, let the front be in proportion to the curtaine 
4s 2 102, and the gorge-line 10 the flanle, «$8. 105, and 
let the fixed line of defence be 52, rods : what ſhallbethe 
other parts of ſuch a Fort, the angle of the bulworke be- 


ing 88 7 degrees 
Queſt. XXV. 


1na fort of 12. ſides let the flanke be 14. rodds, the from 
28, r0ds, and the curtaine 42. r0ds, and the flanked an- 
gleof the bulworke 90. deg. and let the other parts of. 
ſuch a fort be required ? 


Queſt. XXVI1. 


in fort of 12: ſides, let the ſhorteſt line of defence ſcow- 
ring the front be 54, rods andthe longeit line of defence 
72.7085, andiet the gorgesline be in proportion tothe 
flanke, as 4. to 3. and the flanked angle of the bulworke 
90. deg. what ſhall bethe other parts of ſnch a fort * 


Queſt. XX'V1I. 


in ſuch a fort let the flanked angle be ari bt angle, and the 
angle forming the flanke 38, deg, the front of the bul- 
worke 28. rods, and the longeſt line of defence, 72+ 
rods, what ſhall be the dimcnſions of the ather parts ef 
ſach a fort ? 


Sundry 


row <A hes... 
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Sundry other ſuch queſtions or problemes are and 

may be framed, according tothe ſeverall proportions 
uſed by ſeverall ntionsand by ſundry men. 

As Speckelizs aſſuming the ſide ofthe inward poligon 
tobe 100, rods, would have the Curtaine tobe 50. and 
the front 40. andthe flanke 15. rods. 

The /t«/ians (according to the ſame Speckelims) raake 
the fide of the poligonro be fortified 80, rods. 

Somein the largeſt Fort would have the front 40. 
rods ina meane fort 35. and inthe leaft 30. rodds. And 
the curtaine in proportionto the front, as 5 to 4. and 
the fanke in proportion tothe frontas 2. to 5. 

Others dividing the ſide of the poligon to be forti- 
fied into five parts, allow of thoſeparts to the curtaine 
3-tothe fronta. tothe flanke- 4 (that- is + of the cur- 
taine) ſothere is-left to the! gorge- line ory Either fide 
-one part. To theſe' or ws ot theſe the dodrine of 
triangles may be aptly applycd,and will cafily reſolve 
any queſtions'or Problemeg/ inetdetit according td the 
examples we have before giycn. * 

The ſeverall ftormes cf tortifying places, uſe$by the 
French, Spaniards, Hollanaers, and 1talians, according 

to S*, de Praiſſac areas followeth. 


(64) 
THE FRENCH 
FORTIFICA TION. 


'A*® inthis figure, let AG. and A XK. be the ſemidia- 
meters of the outward poligon, and X G, the fide 
thereof which is allothe diſtance of the anguler points 
ofthe bulworks,then making the angle 0G 4.and NK A 
( or which are the ſame OGC. and NV K B) either of 
them 4 5. deg.the whole flanked angle of the bulworke 


_& 


FG H will be 90. deg. that iSaright angle: And againe 
ſubdividing the angles, F GC. and LK B. into two 
equall parts by the line G N and K 0 draw by the inter- 

ſections 


ct. oc el. 
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fecicns, at 0, ard N.the curtaine 6 N, ard ſo 0 G.dhd 
N XK. are the lines cf Ecferce, To which lines of de- 
fence, letting fallfiom the poirts 0. and N, the perpen- 
diculars © L.a1d NW, they are the flarkes; ard L X, 
and WG.tke fronts of the bulworkcs, in ſuch fortsas 
have not more than eight ſiccs; but in forts that have 
more than eight ices, the larkes are perpendiculer to 
the curtaines, as N F.ardthenthefrontis F G, 

Herethen according to this deſigne, knowirgthe 
number of tte ſides of the pcligon, we may finde all 
the angles, according tothe method ahd examplefol- 
lowing, as ſuppoſe thisto bean Octagon, 


From halfe the angle of the poligon IG C.67.4.30; 
ſubſtrating halfe the flanked angle——M G C.zs5. 

there reſts the inward flanking ay le I GM. 22. 30. 
whoſe complement i the angle— I'M G. 67.30. 


which denbled is the outward flarkirg an. KMG.135.co0. 
alſoſubſiratting the angle 22.09. :0.—— NN G C.22.30, 
from halfe the angle of the poligon D CA. 67.30- 
there remaines the angle === — —— GN C.45.00, 
whoſe complement 15 the aygle ——— — F N G. 45.60. 
alſo the comp!, of W GN, 22.d.30.i5 — W NG.67.30; 
4nd the comp. of N O W. 22.d.30.i5— WNO.67.30, 


Now if there be further the quantity of ſome one 
of the fides or lines determined, we may finde the 
relt, | 


As jt there were giyen the curtaine © N, wee may in 
the right angled triangle N OV. findethe flanke NW. 
andinthe 1ight angled triangle N WG, tle front WG. 
& I 3 So 
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So if there were given the front, W G, wee might, 
thence find the flink W N. and thence the curtaine 0 N, 
thenthe linc of defence 0 G. andſorhe reſt, 

As ſpuppoſe inthis fort of 8. (ides we determine 
the line of defencetobe 7 2. roddes or 720. foote. 


The firſt in thetriangle O G N. 


As the fine of the angk O N 6G. or — s.G6 NC. 45.06. 0,595, 

to the line of detence - 0G. 720. foote, 2, 8574. 

{o ſine a fourth of the Baked angle s 0 GN. 2:.d.30.99 5828. 

to the curtaine - — ON. 389. 7. 2, 5997, 
In the triangle O G C. 


As fine halfe the angle of the poligan s. DC A, 67.4, 36. 00344. 


. to the line of detence — i t— —— 0G. 720. 2,857;. 
ſo fine halfe the flagked angle $.0 GC. 45. 06.9,3495. 
to the line cm —_— 1, 4, 
from which ſubſtrating the curtaine ON. 389.7. 
there remaines the Gorge-line N C, 16t, 4 
which added to: halfe the curiaine——————D N. 194.8. 
the ſumme is the line —_ — DC. 356. 2, 
which doubled is the fide of the invward poligon.ums 8 C. 712, 4. 

In the ſame triangle: 

As ſine halfe the angle of the poligon $.D C A.69.d, 36. 0,0344s 
tothe line of defence —— —_ —— OG. 7:0, 2,8 574, 
 {o finethe inward flanking angle emo — $*.GQOC, 22,30. 95 32k, 
to the head-lint an— — n_ 298, 2, 2,4745- 
Inthe triangle N OW. 

As Radius is in proportion 


to the Curtaine —- — coo - ON.389.7.2,5907. . 
fa fine the inward flanking angle ——omme sNOwY.22.30.9,5828, 


.to the Blanks wnoywmneyenenenmnmnes tonne W,149-1,2,1735; 


In 


a <> ts. A. 
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Inthe ſame triangle. 


As Radiua is in proportion ; 

ro the Curraine = - w - - -— - - w——_——————— O N. 3* 9.7-2,547. 
ſ5fine compl. the inward flanking angle —==— $.c, NON. 22.30.9,9656, 
to the diſtance of the ſhoulder ne —— —— OW, 360.0.2,5503- 
which taken from the line of defence — === O G. 720, 0, 

leavcs the fiont of the bulworktom—_ —_—  G, 360.0, 


The front is here one halfe of the line of defence, 
becauſethe triangles @ IN FW. and G XN FF, are equall and- 


Equianglc. 


1f further youdeſire the fide of the outward poligon 
K G, wehave inthe triangle X 06. the fide OG. being 
thelinc of defence, andthe angles whereby we may 
finde X G, the halfe whereof is 7G. ſothat inthe right 
angled triangle G 7 4,' we have the angles and\one of 
the ſides 7G. whereby we may finde the perpendicular 
of the outward poligon, 4 7. and the ſrmidiameterof ' 
the ſame AG. 

Or having before D C.wemight finde A D. alſo 4 C. 
and ſo FG. then 1G. laſtly 47. andſo 7D. which we 
ſhall not neede to proſecute, having already givenſo+ 
many examples. 
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THE SPANISH 
FOR TIFICATION 


with Cafemates. 


Thr= the ſide of the inward poligon B C. into $: 
equall parts, and letthe Gorge-lines © B. and N C, 
be cither of them woof thoſe parts, and the flinkes 
0 L.andMN F. cither of them one of thoſe parts, and 
perpendicular to the. curtaines ; and let the lines of 


'K- I G 
a wks T7 - | 
= a 
*\ who th = 


defence 0 G. and N' X, bedrawne from the angles of 
the flarkes 0. and N.by the ſhoulders F. and £. tilchey 
concurre with the head. lines at che pints G and X, 
Ifthcathe quantity of ſome one of thelc lines be de- 
termi- 
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termined, we may finde the other ſides and angles of 
ſuch a fort. 

As in this fort of fixe ſides, let the line of defence 
0G. be 85. rods, and the other (ides and angles requi- 
red, then foraſmuch as the curtaine 0 N, is foure ſuch 
partsasthe flanke N F. is onetherefore in the right an- 
pled triangle 0 F N, I ſay, 


On o—_—_ _— ——_ — 


As the curtaine 
15 1N proportion to Radius 


to tang, the angle vnnmnne nnenoes F ON, 14, d, 62. 94397 9+ 
equall co the invard flankirg angle — 1G M.14.2. 

whole corgplement is the angle --— —— - IMG.75.58. 

which deubled is the outward fanking angle === M G. 151. 56, 
a2ainethe inward flanking angle enn—_—_ 7} M.14.0:. 

taken from halfe the angle of the poligrn—— — 7 G 4.60.00, 

leaves halfe thc Hanked angle — . F Gc.q45.58, 

high daubled is the Lanked angle——— —F GH. gl. 56. 

= 


o In the triangle G OC. 


0 N. 4. parts. 9, 3979. 


As ſine halfe the angle of the poligon————s.,DC 4. 60.d. 06,0,06:5, 
to the linc@t defeiice — -—————————=- 0G. 550, toote,2, 929 44 
ſo fine the inward flanking angle ———$. GO C,14.4 62, 9,3*47. 


CG. 235, toote, 2,3760, 


In the ſame trianzle, 


As fine hilte the angle of the poligon —_,NC.1,60,,0,0,06:c, 
15to the line of defence — — ——— JG $0. toote. 2, 9294. 
ſo fine halfe the {linked angle nn —— s OGC. 45. 58.. 9,8567, 


to the line —- C— —  — — — O C. 705.6, 2,$4d6, 
A third part whereof is the gorge- lic A C. 235. 2, 
which ſubſtrated, remaur v the curraine Sm == 0 N, 470. 4. 
halfe the gorge- line i5 the Hauke ————Y,7,6, 


K 
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In the triangle O FN. 


As the fine of the angle 2 Mf G or $.0FN,75.d. 58", 0,013:. 
iS in proportion tO the CUttaiioo— ———— ON.470.4. 26724, 


ſo is fine 90. d, or Radius 


to the diſtance of the ſhoulder —O F. 484. 9. 2,6856; 
which ſubſtraed from the line of defenee—— OG, 859, 
there remaines the front p_ am _  G. 365.1, 


Thus we might proceedeto finde,,4D.oA Cold G 
1G. A 1. 8&c.but inthis example being foran hexagon . 


Without Caſemates. 

Divide the fide of the inward poligon -Z C, in; 
to 6. cquall parts, and let the gorge-lines N C.and B 0; 
and likewiſe the flankes N' F, and OL. be every of 
them one ofthoſe parts, and the flarkes perpendicular 
to the curtaine. TR ITO: 
If thenthe quantity of ſotne one of theſe Jities bee 
determined inrods or feete, we may finde the quantity. 
ofallthe other ſides andangles, in ſucha fort, as in the 
former example. EI 4 
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THE VENETIAN 
FORTIFICA TION. 


MM the Gorge-lines N C. and © B. and alſo the 
flankes N F, and © L. every of them a ſixth 
part of the ſide of the inner poligon.=z C. that isa fixt 
- part ofthe diſtance ofthe centers of the bulworkes. 
And further make the ſecond flankes O P, and 2 N, 
tobe cither of them a third. part of the curtaine O X, 


TL EIT EEE EEE EEE EEE ED ET TER 


In ſuch forts as have not above ſeven (des but inthoſe 
that have morethan ſeven fides you may make the ſe- 
cond flankesto be either of them one halte of the cur- 


raine, | 
K 2 The 
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The fide of the inner poligon Z C. exceedes nct 
100, rods, nor is lefſe than 75. rods. 

If therefore the meaſure of any of thelſc parts be gi- 
venin rods or ferte, we may finde the quantity of the 
other ſides and angles. 

As admitthe fide of the inner poligon Z C. tobe 78, 
rods, and letthere be required the- other hides and an- 
ples : Then ſeeing 


T he fide of the inward pol;gon 5—— ——B'C. 58. rods. 
a ſixt part thereof « #he gorge-line NC. 13, 
fo which « equall the flanke — N F: 13: 
the ſum of them both doubled u the gorgelint == 26, 
which taken from B C. leaves the curtaine ON, 52, 
a third part whereof the ſecond flanke— OP, 174. 


which doubled is the line —— —— —- + 34 7o 

whereto adding the gorge-line—— —— N C. 13. 

we have the line — — P C. 47 5. 
Thus then inthe right angletriangle. P N F. 

As the foreſayd line ——— ——_ Þ N. 346. 7. 7,4601. 

is in proportion to Radius 

ſo is the fligkhe ——— ——— @r_—__—_—_—_— FN, J 3 ©. 241139, 


tothe tanzent of the angle —t. FP N.2 0.9.33 «945 740. 
wheretois equall the angle —— IG M.20.33. 
which ſubſlrated from kalfe the anzle of the pol;20n 
(which here ſuppoſe t# be a hexagon) I G A:60.9d.00, 
there remaines hatfe the flankedangle FG C.g.27, 
which doubled i5 the flanked angle — FGH.78, 5 4. 

alſo to the angle before found FP N.20.d. 33, 
adding a right anzle or 90, d. 00. 

we have the angle of the ſhoulder — N F G.110.33s 


— — 
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In the ſame triengle PNF. 


As the fine of the angle———— s. F PN. 204d. 33',0,4547% 
is in proportion to the Hanke ——— #£ N, 130. foote, 2,11 39. 
{» is Radius | 

tothe ling «= === = - PF. 370.3. 25686, - 


In the triangle P G Ct: 


A® the fire of halfe the flanked angle 
» 1n proportion © the line PC. 4709. 7+ 2,6727. 

ſo fine halfe the angle of the poligon $:DC A. 60,4. 06 9.937 5 | 
to the ſhorteſt line of defence — PG. 641. 4, 28071, 

from which ſubſtraQing the line ——_ =— = - ——; P F. 370. 3. 


FG.,271,.1, 


s.PGC,39. 4.17, o,tg6g,” 


there remaines the front —— a 


And thus we might proceedeto finde the perpendiculars 
A D. and Al. and ſo the diſtance of the poligons 1D. 
which cannot be obſcure ts bim that underſtands the for« 
mer examples, therefore we paſſe over this, 


The Fortification uſed by the Hotanders, we have 
before handled more largely. 
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CHAP. VII. 
Of drawing the platforme of 4 Fort, and marking out 


the ſame ow the ground, and of fitting an inſtrument for 
that purpoſe. 


pram? Intent not here to handle all parts of the 
29 [$29 Art of Fortification at large, that being done 
| [#J by others: but rather to ſhew- therein-the 
ICT application or uſe of this new invention of 
logarithmesinunfolding the principall myſteries of this 

Art with much more eaſe and cxpedition then by an 
way of like certai formerly uſed : Yet becaulc 
there. is little written of this ſubje& in our lan- 
;andthat the things we ſhall after ſpeake of may 
be the better underſtood, I will give an example how 
to delineatethe ground worke of a Fort firſt on paper, 
' and then how te ſtake or marke out the ſame on the 
round where ſuch a Fort is intended, and laſtly wee 
| ſpeake of the workes. that areto be raiſed onſuch 

a groundworke, and firſt forthe plat. 

As admititbe required to draw the platforme ofa 
regular Fort of fixe fides or bulworkes, according to 
ſomeproportion aſſigned : Firſt then you may finde as 
hath before beene ſhewed, the angles ſides and other 
linesinſuch a Fort requiſite tobe knowne, which ad- 
=- tobeas followcth, inrods, feete, and tenth parts 

cete. 


”- 
o 


The 


075) 


— —___—_— 


þ 


s 


The ſemidiameter of the outer hexagon —— 5 
The ſide of the onter hexagon —— ———— 93 | 
The head ling—— —— —— men 1252 
The ſemidiametey of the inner hexagon —— [68 
The ſide of the inner hexagon as much <= — [68|5] 
The diſtance of the hexagons — 21|8} 
The Gorge-line — — 
The flanhte — moyn— —— an_ 
The ſecond flinke ——— ——— =— I5 T 
The fixing or longeſt line of defence = —— 7113 
The CUrIH — comm —— — 42 E 


_ 


OO OwWwOaokh pn vÞasS 


—_— 


The diſtance from the Center of they _______ | 7 


bulworke to the ſhoulder —— mm y—_ 
The front of the bulworke— i—=— = 280 © 


The angle of the bulworke admit tobe 75, deg. and the 
other angles anſwerable,then may we lay theſe downa Was; 
ny ſeverall wayes, = 


Take betweene the fecte of your compaſſe upon 3 
diagonall ſcale, or other ſcale of equal! parts, the ſo- 
ne of the outer hexagon 93. 74+ thatis, 93, 
rods, 7. foote, and 4.tenthes of a foote, or 93. rods 
and 74. ccnteſmes of a rod, and ſuppoſing 4. tobe the 
cecnter ofthe Fort, vuponthe point 4. and diftance 4 6G: 
deſcribe a circle, and becauſe the ſide of a hexagon is 
equall to the ſemidiameter, ſetin the circumference 
the ſame meaſure 93.74. from G.to XK, and foG. isthe 
diamond point of one bulworke; and X: of another,and 
draw the lines 4 G-/and 4 X, Thentakingtheſemidia- 
meterof the inner hexagon. 58. 52. ſetthefamefrom 
4.403. and C, ſo F, and C, arc thecenters of two bul. 

_ OT RITA © workes, 


9 
me 
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wotkes, and drawingtheline B C. ſet downe the gorge- 
line, 23+ 26. from B.ro 0.and from (.toX, the reſi 

ofwhich linenamely 0 N. isthecurtaine, to whichon 
thoſe parts O. and N, raiſe the perpendiculars, N.F. 
and ©, L. for the flankes, which flankes may be ſet off 


according tothe forcſayd meaſure of 11. 13. orother- 
wiſe ſet off inthe curtaine from O. to P, and from N, 
to.2. 15..13« forthe ſecond flankes, and drawing the 
ſhorteſt line of defefice PG. 2X. they interſe the 

ndiculars raiſed for the firſt fAlankes in the points 
Laand F. and fois N. F. the flanke, F, G. the Front, 
and.in like ſort: we may proccede, with the other ſides 
ofthis Fort, 


| Otherwiſe having drawne the line X &, ſet downe 
the 
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the ſame the fide of the outer hexagon, 9 2. 74. from 
K to G. as before, which is the diſtanceof the 

points or heads of the bulworkes, then to the right line 
K G. and to the points in the ſame X. and 6. deſcribe 
the anglesB X G.and C G XK. hercinthe preſent exam- 
ple, cachof 60, deg, and in thelines K B. and G C. ſet 
off from X.andG. 25.22. for the head-lines,, which 
ending at B, and C. thoſe points B. and C. arethe cen 
ters of the bulworkes, wherefore drawing the line B C. 
proccede as before. 


Otherwiſe let X. and G. be the angular points of 
two of the bulworkes, draw the line & pp pau 
points K. and G, deſcribe theangles 4K G.and AG X; 

cach.in this example 60. deg.) and ſer off from. 
to B, and from 6G. toc. the head-lines XK B. andGc. 
drawing as before the line B C. then to the line 2 C. and 
tothe point inthe ſame C. deſcribe theangle F © N.,of 

o. deg. alſototheline G A. and tothe point inthe 
lame G.,deſcribe halfe the flanked angle F 6G Cc. which 
is here 37. deg. 30. and at the concourſe of theſe lines, 
CF.andG F. namely at F. isthe ſhoulder;of thebul- 
worke, from which letting fall rothe curtaine the per- 
pendicular F N. thatline F N, is the flanke, N C.the 
Gorge-line, N 0. thecurtaine, F 6. the,front, &c. and 
ſoare the more cſlentiall parts of this Fort deſcribed. 
Sundry other wayes might be ſhewed, which bcing of 
ies very calic, we over paſle; neither {| 
we of the ſca'e, which may bethe plaine ſcale or feQoxr, 
nor of taking the degrees, or parts on that ſcale, ſup- 
poſing you arc already ſo farre initiated in Geometri- 
call praQiſes. 

L of 
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Of marking it out onthe ground. 


Tn like ſort, when you would marke out any ſuch Fort 
on the ground, you may place your inſtrumene there 
where you intend the center of your Fort, as at A. and 
from thence ſet out all che angles at the center, accor- 
ding tothe number of the ſides of that Fort, whichin 
this examplebeing 6.thoſe angles allo are 6, and eyery 
ofthem 60. degrees, which angles ſet forth by the 
right lines, 4 X. AG. &C. and in every of thoſe right 
lincs meaſure by a chaine, divided and ſubdivided into 
rods andfeete, &c. the ſemidiameters of the outward 
and inward poligons, which here are A C. 68: 5.2, that 
is 68. rods, 5. foote, and 2. tenthesof a foote, and 4G. 
93-7. 4. {ctting ſtakes at the end of thoſe meaſures, 
and theſe are the diſtances of the centers, and heads or 
rpoints of every bulworke, from the center of 
the Fort, and being all ſtaked out, if you will examine 
your worke, you may meaſure ronnd abont from ſtake 
co ſtake, the fides of the outer and inner poligons,or of 
the outer poligon _ for rhe line onthe ground from 
the ſtakeat X. totheſtake at G. is the ſide of the outer 
poligon, and the line from the ſtake at B.to thatat C.is 
the fide of the inner poligon. You may therefore 
place your inſtrument at the ſtake C. and thereby draw 
aline on the ground F C. makirg the angle forming the 
flanke namely the angle, FC B. 40. deg. and the line 
F C. (inthis example) 17. 3. 1. and there ſeta ſtake at 
F. forone ſhoulder of the bulworke. Or otherwiſe 
fromthe ſtake . towards the ſtake at B, meaſure.the 
Gorgeline C N. (here 13. 2.6.) and ſera ftake at = 
or 
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for theend of the curtaine, from which meaſuring for. 
wards, towards 8, 15-1, 3. thatis 15. rods, 1- L 
3.tenths of a foote, turthertoQ. there drive a ſtake, 
rerminaring the ſecond fAlanke, and doe thelike from 
the ſtake at B. towardsCc. then from the ſtake ar the an- 
gularpoint of the bulworke G, meaſure towardsthe 
ſtake at P. 28. rods, and there drive a ſtake at F, from 
which the flanke falls perpendicularly to N. and in like 
ſort you may ſet outthe other halfe of the bulworke, 
K L 08, andſoisthere one fide of the Fort ſtaked our, 
the other fides are all tobe ſer out after the ſame man- 

cr. | 


The ſame another way. 


Otherwiſe let X. and, repreſcat two ſtakes on the 
ground, where you intend ſhall be the heads orangular 
points of two bulworkes, then placing your inſtrumene 
at G. by helpe thereof you may line out on the ground, 
half the angle of the poligon X G A. which inthis ex- 
ample of an hexagon, is 60. deg. alſo halfe the angle 
of the bulworke, FG (*. which bere is 3 7. deg- 30. and 
intheline G ef, mcaſuretie head-line GC. ſertinga 
ſtakeatC. for the center of the bulworke, the like you 
may doc from X driving a ſtake at B.the centerofthat 
bulworke. Then placing your inſtrument at C. ſtrike a 
line onthe ground F C. making withthe line BC. anan- 
gleof 40.9. and where it concurres withthe line G F, 
namely 'at F. there drive a ſtake for that ſhoulder 
of thebulworke, and from F. let fall by your inſtru- 
mentalineonthe ground F N. perpendicular to the 
line BC. and the like younuny doe from B, and Z. pr 
2 rnius 
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thiisthe lines betweene the ſakesG F. and X Z, doe 
limk the fronts, the lines fromthe ſtakes FN. and L 0. 
the flankes, the lines betweene the ſtakes N' C, and B o, 
theGorge lines, and from ©. to N, thecurraine, andin 
like ſort you may proceede, with all the other fides of 
this hexagon, and fo of any other figure, 

Sundry other wayes for lyning oura Fort, might be 
preſcribed; which he tharis exerciſed inGromerricall 
menſbrations, will ofhimſelfe cafily conceive. 

But before youbegin to breake ground, examine all 
the parts which you have thus ſtaked out, bythe other 
meaſures ſet downe inthetables ofthe fifth chapter, or- 
by the parts calculated, as we have before ſhewed, and 
conſider all _— | -, wm "er" will per- 
mit, that ſoif any t maybe amended, it may bee: 
done before you procced any further. 4 


The Inſtrument fitteſt fer lyning our a Fort is the- 
Theedevite, or ſome other inſtrument of that nature, the 
limbethereofbeing divided into degrees, and every de- 
gree ſubdivided into 6. 104 12. 20. 30.0r 60, parts. 
that ſo you may readily count the minutes. The f oe 
ter of your Theodelite may be two foote or more, ef. 
peciatly ifit be of wood, butthey.are commonly made 
much lefſe, and the degrees in thern, as alſo in ſemicir- 
cles, quadrants, andthe like, ſubdivided by diagonals, 
the intermediate circles of thoſe diagonalts, being 
equally diſtant one from another, which iserronious, 
efpecial if the inſtrument be ſmall, rhe ſpaces grear, 
andthe diagonall broad: and becauſe this crrour is ve- 
ry common, and not touched by any fo farre as I 
know, itwill not bee. altogether impertinent in this 
place 
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—— to ſhew how by plains triargles it may bere- 


Te ſabdivide the degrees, or other parts of the Theodelite, 
ſemicircle, quadrant, or ther circumference, by a dia- 
s onal fe ale.. 


Let 4B, be the ſemidiameterof the outermoſt circle 
A F.the ſemidiamiter of — — 
vide the arch B C. orthe 
avgle B AC. into two 
equall parts, by thedi- 
agonall B F, there is re- 
quired the ſemidiame- 
ter of the intermediate 
circle, ing the dia- 
gonall B F, 1o as the 
parts of it may ſubtend 
equall avgles at. dis 
vide the arch B (\. into. 
ewo cequall parts in the 
point b and draw the 
right line 4 EZ. which 
interſects the diagonal! 
BZ F.inthe point D. then 
doethe | worm ghe 155 Tg 
gonall line BD.and D F. ſabtend ec ,namely - 
BAD, and D AF. if therefore — A. —_ 
diſtance 4 D. therebe a circle deſcribed it will cutthe 
diagonall B F. asis required. 
But to finde this diſtanceorſemidiameter 4 D, the 
Dodtrine of triangles firſt having dete the 
Ly greateſt, 
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greateſt and leaft ſemidiameters 4 8. and A F. and their 
contained angle B A F. we may finde by the tenthcafe 
ofplaine triangles the angle 4 8 F. which being known 
we have inthe triangle 4 B D. the fide 4 B. and the 
angles 4B D.and DA8.wheretore by theeighth caſe we 
may finde the fide 4 D. and-ſo you may proceede by 
the ſaydeighth caſeto finde the ſemidiamerers of any 
other intermediate circles for dividing the angle z 4 F, 
into as many equaliparts as you will. 


E xample, 


Let the ſemidiameter of the outermoſt circle AB, be 

fixe inches (of which ſize they are often made in byraſſe) and 
ſ#ppoſsng every inch to contazne 1000, parts this 6900, 
parts; and let the ſemidiameter of the innermoſt circle 
A F. be 4. inches or 4000. parts, and the arch B C, or the 
angleB A C. one degree, which we would divide into 
twelve equal parts, by a diagonall, ſo that every part may 
be five minutes. 


Iſay then 

As the ſumme of the ſemidiameters— —— 4B. 4 4 F. 10000. 6, 00009, 
is in proportion to their difference AB,— 4 F. 2000, 3, 30103, 
lo the eang, of the halfe ſuaune 'F F. +B. 894.36. 12, Org 14, 
ro therangent of an angle —— t 87. 36.66. 11, 36017» 
which ſubſtraQed there remaines— —_ABF.14.59'. 54". 

And ſeeing theangle B A QC, i 1,deg. or 60, minnes 
and it is require#to 4rvide it info twelve parts, every part 


willbe 5. minutes, w 


ofing the angle BAD, 
to repreſent that angle of 5. n 


es, and ABD 1. deg- 
59. 
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59. minaits 54” the ſum of them is — 2.9.64. 54". 
the complement of the angle B D A. 19 180, deg, which IC 
og for every twelfth part 5 , minutes, 


I ſay then 


As the fine of the angle. ————5.3DE. 2.64.54”. 1,43 980. 
to the createfſt ſemidtamerer ———— A B. 6000. parts, 3,77815, 
ſo the fie of the angle at B. ———>—— 5. B.1.d.59.54". 8.54246. 


te the firſt and Icfſer ſemidiamerer ————_ $760. 3,76041. 


And thus we might | —_—_— to finde all the other 
ſemidiameters, by ad +» by the complements arith- 
meticall of the fines of the ſeverall angles at D. the 
ſumme of the ſecondand third namely 12, 3206r. ſo 
ſhall you have the legarithmes of theſe numbers fol- 


lowing, being the ſcmidiametersof the intermediate 
cucles. 


—_ Bat in this —_—— = much. 

| 6: 4, | Morein others. where a degree or 

_ | rs midia, leſſe is ſubdivided into- ſmaller 
. = parts, . 

+» 1 _*| parts, the angles of the triangles 

© 6000 bei very ſmall, we needenot uſe 

5 5760 the lines of the angles, but the an- 


10 | 5538 | glesthemſelves. reduced into mi. 
15 | 5333 | nutesorſeconds, for in theſe the 
20 | $5143 | fines of ſeverall angles, and the 
25 | 4965 | angles themſelyes have the ſame 
30 | 4799 | proportion, without ſenſible diffe. 
35 | 4644 | rence- thatis, 

40 | 4499 | Asthifineof ———1.d, 06. 
45 | 4363 | to the ſine of- —— 0. d. 30; 


5o | 4234 | ſ0is- t———————66, 
55 4113 | #0 ps — 
60 4000 And 


(84) 
And ſ@ofothers; Butthis by the way, now were- 
turne from whence we have digreſled. | 


_ —_— _—_— 


CHAP. VIII. 


Shewing how andin what forme, the Rampire, and Para- 
pets aye tobe raiſed, and the Ditch to be ſunke. 


MT E have ſhewedin the Chapter laſt before 
IN1/ going, how to delineate the platforme of a 
VS _—_ alſo how to - the —_ 
@ On ound, we will proceede 
totouchthe reſt. £ Y : 
Firſt thenit isto be underſteod that that which you 
have drawne, as before we have ſhewed, narncly the 


4 6 


lines X Z.L0.0N.NF. FG, &c. is the outer edge of the 
Rampire, (as inthis figure above) which Rampire may 
be in breadth orthicknes inwardly 7.rods,or fomewhat 
more or leſſe as occaſion requirs, for in a Fort oft z-{ides 
or more,& of importance anſwerable,it maybe1o.rods, 
and ina Fort of 4 bulworkes, being of leffſeimportance 
if itbe 5. rods, it may be ſufficient, and in ſmall skonces 
much leſſe, which thickeneſſe is here repreſented by 
D Y. ſothat the line drawne by Y. doth repreſent the 
inward ſide of the Rampire, being in the cartaine, 
Aanke, and front, every where paralell or equidiſtant 
tothe outſide of the Rampire before deſcribed; Yer 
ſometimes the bulworkes are quite filled up, and (fo it 

M lcemcs 
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ſeemes. beſt they ſhould be,) becauſe the aſſaults by 

.or-battery, are commonly-mace-againſt them, 

but herewe ſiippaſethe middle parts of them. namely 
aboar 3. and {\. to be voyd. 

| Nextifyoumakea walke forthe Rounds called a 
Fauſſe-bray, then without the body of the Fort, name- 
ly fromthe outer edge of the Rampire before deſcri- 
bed,” meaſure two rods for the breadth thereof, and 
tworods more outward for the thickeneſle of the para- 
pet of the ſame Fauſſe-bray, and theſe may be ether 
of thetn halfe a rod, more or lefle, 2s the place ſhallte- 
quixe, which ſpacesare here repreſented by D P, and 
22. and by thelines drawne by P, and 2. every where 
parallell to the outeredge of the Rampire, beforede. 
ſcribed, in the fronts, flankes, and curtaines. Next 
without this parapet,namely from the foote of it to the 
fide oftheditch you may leaye halfe a rod or more for 
thebrimme of the ditch, cſpecially it it be in ſandy or 
looſe.ground, that ſo the foote of-the,parapet may be 
. the more firme. Andtheſcare the things to be ſet out 
within the ditch, which youare to marke out on the 
ground accordingly. The Port or Ports, are beſtto be 
made inthe middleof the curtaine, foro they are de- 
fended from twoflankes, and arc to be placed as lowas 
may be toavoydany battery, that may be made againſt 
them, and a wooden bridge over the ditch, with gates 
and drawbridges in ſ{everall parts thereof, 

Then may you ſet out the breadth ofthe ditch which 
may be 12. rods, or more or Jeſſe, as occaſion requires, 
for if the ground be low, ſo that you cannot digge 
deepe, by reaſon of the water, the ditch muſt be rhe 


larger, that there may be a ſufficient quantity of earth 
| for 
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forthe Rampire and Parapets, therefore tothe front of 
the buiworke F G. and to the point G. bei — 
lar point ofthe bulworke, raiſe the perpendicillar & 8. 
and becauſe the fauſſebray with the parapet thereof is 
in breadth 4. rods, and in this example we.make the 
dicch 12. rods broad, therefore make the line & S, 16. 


rods, and by the point $. draw R$ 7. . the outeredge of 


the ditch, which here is parallel tothe front of the bul- 
worke G F. but is ſometimes ſo drawne that itcomes 
more inward againſt the middle of the cartaine at 7. 
thenat KR, by a rod or two. WA. 

- Next without the ditch'muſt be the coridor or coyert 
way ofthe counterſcarpe whoſe breadth from the fide 
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of the ditch may be two rods, or thereabouts, which 
phererepreſcated by the ſpace 5 41, and without that 
covert way, muſt be, an argin or parapet 5, or 5. rods 
broad, repreſented by M.W. Andall theſe namely the 
counterſcarpe, ot outer edge of the ditch, the covert 
may.and the parapetthereot arc in ſuch ſortto be con- 

tinned round aboutthe Fort, ſo thatas we have ſhewed 

to-draw one fide from thepoint 7, againſt the middle of 
the. curtaige to the, point #. againſt the angular poine 

of the bulworke,the like is to, be done for all the reſt, 


., Nowtnhat the outer edge of the ditch RS1, maybe 
the more rel —_ 25d ſcrt out, we may by the do- 
Grine of triangles finde the diſtance from the angular 

int ofthe bulworke G. to the outer angle of the ditch 
R. alſo the diſtance fromthe middle of the curtaine D, 
tothe inner angle of the counteticarpe7. as allo the 
length of the counterſcarpe from 7. to R, 

Fuſtthenin the right angled triangle G SR. thereis 
givenG 8.-16;rods, and the gngleS & G. cquallto balfe 
the flanked angle F G C. namely inthis example 37.6. 
36. whereby we may finde G R. ſaying. 


As fine halfe the flanked angle- — GRS.37.d, 36, 02156, 
to the breadth ——— --- -- —- =. GS. 160, focre.2,2041, 
ſo is Radius in proportion to the 

diftance of the angular points ——m—_—_— c R. 6:8. : 9, 
the ſemidiameter of the outer poligon m—=—A G. 937.4, © 
which added together give the line me A R, 1200, 2, 


Inthe triangle ATR. forthe lineI R. 


Adding to halfe t! e flanked angle —-1R A. 37.9. 30. 
Lhe angleat the center eoommmmnm_———_———_  / A K, 30, 00, 
the ſurame is the complement of — A 1 R, 67: 30. 


m_—_ : 1, 00s 


to two Tight angles or 


Therefore 
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Therefore 


As the fine of the angle. — —_ AI R's. 67.9. 36. 0,03 44 
ro the lin | before found A R. 1200.2. 3,0793s 
ſo fine halfe the angle at the Centre s. 1 A R. 30.06. 9.6989 


roche ovurer edge of t he ditch —_ I K. 649 5. 2,8126, 


Laſtly for 1 D. 
As fine te angle s. AIR, 697.6, 36, 0,0344 
to the line betore found = = = = — - - A R: 1200, 2. 3,07 93+ 
ſo fine halfethe flanked angle—— s.1 R A. 37.4. 36+ 9.7344. 


-_— 


to the line | ATI. 790. 8, 259814 
from which takin? the leſſer perpendicuhro_—_ —_ 4 D: $93. 4 
there remaines the diſtance —— —— wwmmmmenes D 1, 197. 4a 


. And ſo farre is that inner angle of the prays 
fromthe outſide of the Rampire in the middle of the cur- 
t4/Þ0, 


Thetrue meaſure of theſe lines being thus found, 
they may the more exaRly be {et out. 

And thus muchtouching the delineation of the plat- 
forme of a Fort, and the marking of it out uponthe 
ground; we come next to ſpeake of the height of the 
—_— and parapets and of the depth of the 

itch. 

The Rampire and parapets wee ſuppoſe to berrai- 
ſed of carth takenout of the ditch; touching the forme 
of the workes, in height, depth, and ſcarping; that it 
may be the better conceived, wedraw the line 46 cde 
e. croffing the front ofthe bulworke, ditch, counter- 
ſcarpe, &c. art right angles, upon which line we may 
repreſent the breadth, _— depth, and — | 

3 or * 
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of all the workes, which that it may be the more ſenſi- 
ble we eraw here aparta longer line, a 6c 4e fg. and on 
this line by a ſcale folarge, that fete and parts of feete 
may be welldiſcerned, firſt ſer downe the breadth of 
rhe Rampire, from ato 6, 70. foote, the breadth of the 
tauſſebray bc. 20. foote, the breadth of the parapet 
thereof c 4. 20. foote, leaving without it 5. or 6. foore 
for the brimme of the ditch,and from thence ſet off the 
breadth ofthe ditch toe. 120, foote, and without that 
the breadth of the covert way ef. 20. toote, and with- 
out that the breadth of the Arginor parapet theredf 
f 8+ 60. foote, and thus you have expreſſed inthis line, 
the breadth of all the workesto be made, 

Then betweene the points 4. and 6. the Rampire is 
to beraiſed which in Forts of foure ſides may be onely 
x2. foote high, but in a fort of 12. fides or more, ſome 
would havetobe 18. or 20. foote high ia this exam» 
ple we makeit 1 5, foote high, forthe too great height 
of it may be prejudicial! to the defendants, eſpecially 
when the aſſaylants ſhall approach neare the ditch. 
The Rampire isto be raiſed on cither fide ſcarping, 
namely on the. outſide, for every two foote that it ri- 
ſeth it may ſcarpe one, but here for every three toote 
thatitriſethir ſcarpes two, {othat the toppe of it being 
15. foote, ſcarpes 10, foote, and inſome ſandy orloole 
grounds it had needeto ſcarpe more. Bur the inner 
{ide of the Rampire nextthe Fort ſcarpes more, name- 
lyfor every focte that itriſethin heighth, it ſcarpesa 
foote, and being raiſed to his full height namely x5. 
foote, it hath alſo 15. foote ſcarpe, tothe intent that 
the defendants may the more eaſily aſcend the Ram- 
pire in all partsas occaſion ſhall require, 2nd thus 

though 
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though the bottome of the Rampire 46. be 70. foete 
broad yet the upper ſuperficies of it isbut 45. foote 
broad, and theſe are the breadth height, and [carpings 
ofthe Rampire rovrd about the Fort : uponthe ont. 
fide otthe upper ſuperficies of the Rampire, is raiſed 
2 parapet, ſometimes 24. ſometimes 15. foote broad or 
more or lefle, here we make it 2 0. foote broad below, 
and on the- inner fide 6. ſoote high, with a foote 
ſcarpe, but outwardly not above foure foote high, 
within which parapcetisa banke or foote paſe round a. 
bour, being ſometimes two but here three foote broad, 
and a foore and halte high. In like ſort is raiſed the pa- 
rapet of the fauſſebray, and alſothat of the covert way, 
without the ditch, ſave that the outfide thereof is ſlan. 
ting or ſcarping about 60. foote till it beeven with the 
champion about; all which may ſufficiently appeare by 
the figure abcdefg, which figure thus drawne wee 
may call the Setion or Profile, Touching the ditch it 
is in this example 1:0. foote broad, and 10. foote 
deepe, cither fide of it ſcarping alſo tenne foote as by 
the SeRion appeares. And thus much of the workes to - 
be made, and in what forme,now touching the manner, 
we willbriefely ſer it downe out of S, Mayelojs his For- 
tification as followeth, 


Inthe Netherlands when ſuch a worke is tobe reſol- 
ved on, the Engineir drawes ſuch conditions as are to 
be obſerved, for the more ſpeedy accompliſhment of 
the worle, the time whenir ſhall begin, and when it 
ought to be finiſhed, the number ef workemen to bee 
uſually imployed, whether the oundation be to be pi- 
led and how : how many feete he will allow withort 


the 
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the-faote of the Rampire for the Fauſſebray and its 
parapet and for the brimme of the ditch, the thickneſſe 
or breadth of every of them, what ſcarpe is to begi- 
ven within and without, according to the faſtneſle or 
looſeneſle of the earth: how many fagots ſhall be layd 
ifthe ground be ſandy. Inthe parapet of the fauſſebray 
and in the Rampire, the height and ſcarpings inward 
aad outward; the breadth depthand ſcarpings of the 
ditch, and all things clſc appertaining to the worke, 
and ſo gives noticein the townes nere adjoyning, that 
uponſuch a day there are ſuch and ſuch workes to be 
let out to ſuch men as will undertake and performe 
them, beſt and beſt cheape. And upon the day appoin- 
ted the undertakers being aſſembled, and the conditi. 
ons and covenants read, according to which the buſi- 
neſſe is to be done. Queſtionis made who will under- 
take, and at the loweſt price, one of the undertakers 
offers to doe itſo, another it may be tor lefle, and ſo at 
length till none will undertake it cheaper. Then under 
the articles of the conditions and covenants, he writes 
thatſuch an one hath undertaken that buſtacſſe upon 
thoſe conditions, for ſuch a ſumme; ſometimes two or 
three men undertake the whole worke, and they all 
fignetothe Articles, asalſothe Lords commiſſariſes, 
and the Engineir, and then the bulineſle begins; and 
uſually the undertakers are bound by the ſayd Articles 
and contraQsto finde the materialls neceſſary forthe 
ſayd bufineſſe; which they reccive of the keepers of 
the Magaſins or ſtore, reſpeQively for that uſe, or 0- 
therwiſe under their cuſtody to be guts reſtored, 
Thenthe ſayd myſter undertaker, divides his men ac- 
cording as he conceives the quality of the hy = 

oth 
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doth require : ſo many he aſſignes todigge, ſo many to 
drivethe Carts, and others tolay the earth even - for 
arthe beginng of the workeit ſeemes beſt to carry a- 
way the earth which is digged on the outſide of the 
ditch, with horſe and cart, ro lay the foundation or 
bottome of the Rampirez and not with wheele-bar- 
rowes, as they doe afterwards when the worke begins 
to be rayſed to its height, and the ditches grow deepe, 
forthen it is very har c horſeand cart becauſe the 
horſes ſpoyle the worke, and cannot be ſ@ convenient. 
ly employed as wheele-barrowes, which are driven 
upon plankes in good order and readineſſe, asany man 
may judgethat hath beene preſent, where ſuch workes 
have beene made. 

Ifthe outſide ofthe Rampire be rayſed with turfe, ic 
isto be underſtood that they be uſually 4. or 5. inches 
is breadthand as much at one end in thickeneſſe, and 
14, Or 15. inches long, but at the other end waxing 
ſharpe likea wedge, tothe intent that betweene them 
there may be put alittle carth, to make them hold the 
faſter to the body of the Rampire, their forme you 
may conccave by the figure 4. Theſe turfes muſt be ſo 
layd that in every range 
upward, the middle of e- 
very turfe above, may lye 
juſtly upon the joynQure 
of every twoturtes of the 
range next below, and ſo 
much _ as is m_—_ 

the ſcarping intended and agreed upon, ior the 
rn ecformance whereof, they have a a" 
inſtrument, the ſides mm” 2 Or 3+ foote long, = 


Gramen, an 
herbe called ITY . , 
Dozs-rooth Flemiſh Queeckrait, in Latine Gramen, and in French 


Herbe de 
Prat. 

An Learbe 
Meddow- 
erallc, 
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the argle contayned of thole ſides, ſuch as is anfivera. 
ble to the ſcarping intended, ſoas hargirg a plumbline 
parallellto one fide, the other ſide my bc agreeable 
tothe ſayd ſcarping. It youlay any fagots inthe Ram- 
pire, they muſt be ſo layd that their ends may reach 
the tormer turtes, to wit, trom haltc foptero halt foote, 
for every halie foote of earth muſt bce a range of ta- 
gots, and ſocontinuing till thegorke be finiſhed, Vp. 
on the top of the Rampire ehMiraper is to be raiſed 
with ſuch ſcarpe-and breacthas is before determined, 
(all in ſuch fort as betore,) rayſirg it with turfes as 
above ſayd. If there be neere at hand any good carth, 
that is fat and clamamy, then inſtead of turfes you; may 
makea cruſt, of 3. or 4. foote or more, beating it 
well with a bat, made forthat purpoſe, and ſhaping it: 
with ſuch ſcarpe as is agreed upon: in which cruſtthey 
ſow a certaine herbe, or the rootes thereof, called im 


Herbe de pra, which roote hath the property to ſpread 
it ſelfe throvghout the Rampire, and bindes it toge- 
ther in ſuch ſort, that it makes the ſayd cruſt endure ve- 
ry long, and become almoſt perpetuall. Alſouponthe 
ſayd cruſt, they ſowthe ſeedes of Oztes, Hay, ora 
certaine roote they call Zevenladeren, or the roote of 
ſeven leafed grafle, which is alſo very good, but theſc 
leaves doe not ſo cover the ontſide of this cruſt, as doth 
che foreſayd herbez for which cauſe his excellency 
hath of late yeares, repaired all the Fortifications, 
with ſuch a cruſt without turfe, becauſe experience 
ſhewes tharthe ſayd wrfes doc not bind together with 
thereſt of the carthas that cruſt doth, which they uſe 
tomoyſten, that it may mixe and cleave the better + 
t 
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theearth of the Rarmpire, being fo very cemmodions 
And of good expedition : thus farre Morologs, 

And becauſe ſome things rouching the rayfing the 
with turte, and laying fagots, are more diſtinQ!y ſer 
downe by our Coumrey man Mr, P. 7ve, (who ſeemes 
to have had experience in what he writes,) I have 
thought good to fer downe his words as follow. 
eth. 

The manner of the worke is this, the turfe muſt bee 
cutlikea wedge of 12. or 14. inches long, and 5. or 
6. inches broad, cquidiſtant, the 'one end 4.0r 5. inches 
thicke, and the other ſharpe, and theſe turtes would be 
taker inthe beſt ground, thar lyeth neere about the 
Forr, and muſt be cut with a long tharpe ſpade, of 5. or- 
6. inches broade, and 14. inches long, which muſt bee 
welb ſteeted, and kept very ſharpe, and the turfe muſt 
becarrped and handled without breaki-g, and laydin 
the worke, the great end outwards, and the grafhe (ide 
downeward, and ſcarping one foote in 5. or 6. feete; 
the-Rampire behind the turfe rifing with the earth that 
tsthrowne out of the ditch, as faſt asthe face of the 
worke riſeth; {And whenthe faces raiſed rhe height 
of 5. rurfes, avd the earth! behind it layd even, and 
ſpread almoſt as broad as the Rampire is intended, 
(which may be 20. 30.0r 40, foote or more or lefle, 
asthe earth rhrowne out of the dirch will make it) or 
at leaft ſo bro:d, as it is rhoughtthatthe wo 3d wilHye: 
for ro ſay truth, to throw downe the carth, orto ſpread 
ittoo broad beforc the wall be rayſ{ed, were a point of 
no great ciſcretion) ſtretch a line and pare the turfe 
even witha iharpe Spade, bur ſcarping according to 
the firftſcarpe you layd them ar, and then lay a row of 

N 2 fkagots, 
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fa which fagots muſt be 8. or 9, foote long, more 
ofleſſe as the wood will give them, but nike 
than that you may —_—_— them betweene your 
two hands, the. great end of the wood lying all one 
way. inthe fagot, which end muft be ſtamped againſt 
the ground, that it may lyeeven inthe wall, and muft 
be bound with three bonds, and layd in the worke, the 

reat ends outwards, one inch over the turfe, and muſt 
be thruſt up faſt and cloſe, the one to the other, but not 
layd thicker than one fagot at once, and uponthe ſmall 
end of thoſe firſt layd fagots, muſt other fagots be layd 
whoſe ſmall ends muſt oyer. lap; the ſmall cnds of the 
ſayd firſt fagots, ſomethree foote and a halfe, or there. 
.abouts; _ upon the great ends of thele ſecond _ 
muſt. athird fagot be layd, whoſe ſmall ends muſt like« 

wiſe over-lapthe greatends of the ſayd ſecond fagots, 
asSthe ſmall end of the ſecond did the ſmall ends of the - 
firſt (and where wood isplenty- having haſt to raiſe the 
worke, lay a fourth tagot in like manner) which being 
done, raiſe againethe face of the work- five turfes 
higher, paring it by aline as is aforelayd, and rayſing 
the carth behind them as before, and then-lay another 
row of fapgots, and thus continue the worke untill it 
riſeth ſo high. as you intend it. Where wood is 
ſcarce, there uſe none butin the bulwork onely, and 
thereas little as you may, bur onely toſtay the face of 
the bulworke; and raiſe the face of the curtaine with 
turfes onely, giving them ſomewhat-the more ſcarpe, 
orforanced uſe no wood atall. 


CHAP, 
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CHAP. IX, 


of the quantity jpf earth for raiſing the Rampive and Pa. 
, __ 


. Hether the worke- be Tct out at a certaine 

TG price to undertakers, as aforeſayd orother- 
AV Wo wilc, it is required to know what 

ROAST of carth will ſerve for all or any of the 

workes intended, wherefore let this figure beatwelfth 
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part of the hexagonall Fort before mentioned, Chap. 
$. and let the line-& F; repreſent the front 280. 
foote, F n. the flanke 111 4 foote, or 111. 25, D ». 
hdlfe checurteine 219% foote:. Þ F. che breadth of the 
Rampireatthe foote which (as betore we ſhewed)is 
inthis example 70. foote, DT. the outward ſcarping 
10, foote, W H. the inward ſcarping t 5. foote, andſo 
the-breadyof the Rautpire at rhe roppe or beſides the 
fexrpires TW. 45 foote. Pirſtthert we willmeaſare the 
erafſitude ofthe Rampire without the ſcarpings as if ic 
were above and. beneath onely 45. foote broad, and 
afterwards caſt up the content of the ſcarpings, both 
without and within, which added to the former will 

ive usthe ſolid content of this part of the Rampire, 
| wo the middle of the curtaine to the angular point of - 
the next bulworkey which being knowne we thall ca- 
fily 6ndethe content of the whole Rampire round a- 
bour, firſttherefore we.will here ſhew 


To find how much the Ranpire about at the foote, and at. 
ſoat the toppe, within and without. 


Foy the line B G, 


As Radius is in proportion 4 
to tang. compl. halte the flanked angle — B G 4. 3 7.9.36. t.c. 10,1150, 
ſo is the outward ſcarpe — A B 10, foote, 1, 0069, 


to the line 


— a — BG, 13.03, 1,1150, 


For thehae K G. © 


As Radius is in proportion 
to tang. compl- halfethe flanked angJeop & 7. 37.4:36.t.c. 10,1150, 


lo is the thickenefle of te Rampire m=m— / K 70, foot. 1,845. 
os che HOga—c———_— — ® KG, 9 I, 233. 1,9901, 


For 


For the line Ca. 
As Radims is in proportion 
to rang, compl. halfe the flanked angle w— 4, 37.9. 3Z09,t.c.l1O0,1150s 


ſo is the inward [carpe — — I C. 15.tqore. 1,1961, 
to the line ——— —— — m_ CG, 19. 55 1:gt1. 


For the line FP, 


As Radius is in proportion 
to tang, compl. halte the angle of che ſhoulder. P F .56.d.15".t.c 9,8249. 
ſo is the outward [carpe ———_—- — P 4. 10, foote, 1,0000, 


roche line F P. 6.68, 48249. 


- — — — _—— 


o/ Foy the ling. F m, 


As Radins isin proportiog 
to tang, compl, halfe the angle of the ſhoulder m F L.56.d. 15. t.C. g,83249. 
ſg is the breadth of the rampire ————————— LR. 70.toote.1, 845. 


to the Mnc 


— c—_ _— — —— 46.77, 1,6700, 
For the line ed. 
As Radius is in proportion 


to tanZ.compl, halfe the angle of the ſhoulder —— de L. 56.4, 15,t,ag9,8:49; 
ſo is the inward ſcarpe =—— — — —_——L d. 15. foote, x, 1761. 


———- 1,0,,0.,,c0, 


by D 
For A $S\. 


[' us thin we have the line... —- 


——7 ,1;, 22, 


and the line- — , 66q, 

the ſumme of chem boti1 is = 19.1, bb 
which (ub@raced from the front— _———_— FG. 0, Toors)? © 
: "cre remaines the line———— — — —— Mc. "0 

Foy as, | 

And if from the flanke wnnnem—— ww _m ——F MN. M123. LEY, 
we ſubtract F 9 which equall te: _ _ wwe DP 6, 68, TC TENT 
there remaines t'1e line —— i. nn. 
whereto adding the [carpe— en——_—_——— 1 -i2viw 
we haye the line ww——_— em ougpor— 4 $4 $7... 191 


For ” 


For6T. 


And if t6 halfe the curtaine —-... # V. 210. foote 
we adde the (carpe = ann worynmennnmmn_—__ NR, 10. foote. 
wee Have the line ———— S T*. 220. toote. 
co which adding the line w— $114.57. 
alſo the linc o— o—— _—— cc 4 \ 60... 
we have the oucer compaſſe 4 $. ST. 594.86. 
For the line L 1: 
We found before the line — KG. 91, 22. 
the ſumme of them bothis 137. 99. 


which ſubRraRed from the front mammo—-—- F 6.3 $0. foe. 


thene ICORALINES Che liBG——mny——— Ll.143. 1. 


For 
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Foy the line LZ; 


aine the line F 0. being equall ro == == == F N. 46.77. 
ates from the flinke en oo nee FN, 


' t ere remaines the line —— 0 N. 5$4.4t. 
whereto adding the thickenefTe of cle Ranupitooomm —%, 
tle ſumumeis the line L Z.134 4%. 


For HZ. 


Andifco halfe the curtaine "D N, 210, foote. 
we adde the thickeneſle of the Rampire=» » = = = = = = 70, facte. 
We | ave the line — — — H Z, 2$0, footre, 


For the linea e. 
And ſeeing tothe line L 7. ts equall- dc. 142.01, 
to wl.ich adding tc line — — J__w—__ 4,1, 
and alſo the hae — ed. 10.02. 


the ſurmeof theſe tlree is the line ae. Iy1, 58. 


For the lire E X. 


Alſo to the line LZ. before found is equall o—_— te 1; 4.43. 
whereto adding ——— ——— 
the ſurmie is tle line — Ek . 144.5. 
from which taking the ſcarpe ————_ mnt X 8. 15.00, 
t!:Cre TEMAiINCS tlic line ——— — —-— -——-< X, 129. 59. 


For the line w X, 


Alſo we found before the line ——— H Z. :$0, foore. 
from which ſubſtraing the ſcarpe @Z. 15, foote, 
there remaines the line mn—— I X. 265, foote. 
whereunto adding the before found — aE. 171.58, 
as alſo the line before found — C X, 19-5 
we lave che inner compalic  mowom —_——— (tX». 


O 
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For the ſolid content of the Tere-plein or of the Rampirg 
the ſcarpings excepted. 


Thos we haye the auter compſſe of the 


upper part of the Ram ire —— A $\ fT. 594. 86. 
Allo the inner compalſe——-——-——— XxX", 466,o0?, 
the ſumme of them both 1s —— _— I 169. 94. 
the halfe whereaf 1s= = » = = =  _— 580.47. 2,7637998, 


which multiplied bythe breadth — 45.1653, 
and the prodat by the height of the Rampire o_—_—w——i 170g, 
produceth the ſolid content of the Rampire 
the {carpings excepred, tune) - 3918 17. frete. 5, 5930835, 


Note, 
Thi produdt: youmay finde muliiplying after the ordinary 


manner; 0r ifyon worke by logarithmes, you have here 
au example, but if the nambers be very great , a this Is 

which exceeds all tables of logarithmes, you may worke 
by the part propertionall, as we have ſhewed Chap, 2) 
Booke 1, of Plainetriangles. 


For the ſolid content of the ſcarpings 2. 


Againe to the line — _ 4A. 60. 29, 

adding the line NN; Rope —_—— ON, 104. 57. 

and allo the line — N'D. 210, 

The ſurme of them js 574.86 -2,7595611, 
which multiplyed by the outward ſcarpe,— T D, 10. 1,0000000, 
produgerh the arca — em_______ 7, 60, 6. 


Furthermore 
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Furthermore to the line ——- IL. 14:2, or, 

adding the line _ - eX.129,50, 

and allo to lne —_— —e WW X, 265. 

the ſumme is $36. 51, 2,9955778, 
which mulcpl;cd by the inner (carpe W H-+ iy. 1,1100912, 

the GIA oonnmmmmmmmmnnm mmm t047. 65. 3:50 7607 

whereunto adding the area before found ——=—— 5748.60, 

the ſumme ig——- - ----- 13796, 25, 

che halfe whereof is _ —_ 6898, 12. 3,8387397« 

which multiplyed by the heighc of the © 

Ramnpire _— _ —  _ _—_ - I5, 11760912. 
raduceth the ſolid content of the untea} , 

End inward (carpings of the Rampire, —— L wt $5406 wy 


the pyramids 10 the Corners excepted =———— 10347 2.cub,f fence, 
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For the Pyramides in the angles. . 


Alſo multip! , ing the line —— _—\ G, 13-03. 111764. 
by checutward (carpe — — A B, 10. 1,00008. 
the produdt 18 CE —— 130,30. 2,11 502, 
halte whereof is the area of the triangle— — —— 4 BG.6y.15;: 

ſecondly the line —— _ m—_—_F Þ, 6,68, 0, 8489, 
multipl, ed by the outward fcarpe NP. 10. 1,00006, 


produceth the area of the trapezium — APFY. 66.80. 1, 82489, , 


The area of the (quite ——— Lo R s UV, TA Ico, 
Which doubled becauſe there are two p; ramides 15 qmn—— 2 0, 


Alſo multjpl ying the 3nward ſ(carpe —————— X s- I. 1, 19699. 
bz the inward (cerpe _ X y. 15. 1, 17609. 
producerh the area gf the ſquare — x7. 5. :,;}518, 
And we found before the line m—_ ed 10,02, 1,00086, 


—— 


which multipl ed by the ſcarpe 


produceth the arca of 
which doublcd is twice 


eedL.150 30. 2,190g95, 
w—m—zy — zo, 60, 


Taſtly having found before the line mms ———C4 19.55. 
which mulripl,ed by the ine —-ccunn cn—_—_— /c, | L 
produceth the arca of twice —_— T 64. 293,425. 


TT hus then the area of -———— -= = = = - -A BG.6,, 15, 


the area of APFD 6,80, 
the area of twice o RSv. 200, : 
the arca of 


—__ 
the area of evvice —— 4s * 5-1-4 

the area of UW CC ——— —  — mmua__  / C 7, 29J 2C, 

The ſumme Of all theſe iSm— ==> = > <1; 25, 3,6100. 
multipl ed b;a third part of the altitu le —— —— — 5.— 0.69%”. 
produceththe ſolid conten: in feete of al! thoſe 

p ramids in the corners — — ——_—— 94. 3,7 599 


T:'us 


| 
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Thus then the ſolid none of 'the Rampice 

the ings excepted is I —— 3918 17. focce; 
the bl content of the ſcarpings the- , 

p;r#mids in the corners excepied is ———— - 10347 2. 

the ſold content of the pyramids in » 


the angles or corners i—— "$7 54+ 
the ſamwe of all theſe is the (Ulid contene : 
of thiz, part of the Rawpire in Cubicke feete =—— 501043. 


which doubled is the ſolid content of one 

bulworkeand one CUFtaINE NAmel: won. ———— 1006, 
Aad this mulcipljed b; 6.'becauſe this fort © 

hath 6, bulworkes ——— — 
produceth the ſolid content of the whole 

Rampire round about iN Cubic ke [cer mmnnon—nm ann Coi25 16. 


T he Parapet of the Rampire... 


And thus as we have found the ſolid content of the | 
Rampire in cubicke teete, we may inlike manner finde 
the content ofthe Parapet of the Rampire, if you will 
take that paines + But conſidering that the Carp $ 
thereof within and withont are very little, the height 
alſonot exceeding 6:. foote; it may ſuffice if we finde 
the middle length of itby taking halte the ſumme of 
the ontward and inward perimeter,and that multiplyed 
inthe arcaof the Seion, or Prokile of the Parapet will 
produce ncere hand the ſolid content of the Parapert, 


Firſt then conſidering that the foote of the Parapet : 
15-10. foote within the outer edge of the Rampire, 
(the Rampire having in. this example 1 0.. foote ſcarpe, 
before ir riſeth to the foote of the V arapet) therefore 
lct the lines, TS & 4. repreſent the cuter foote of the 
Parapet, and becauſe the innerfoore is parallell there- 
ro, therefore (toavoyd multiphciry) let us ſuppoſe the 
inner foote of the Parapet to be repreſcmed by the - 

O. 3 lines. 
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For the Pyramides in the angles. . 


<m_m- 7 (5, 13-02, \T28 £1-13% 


Alfo multipl, ing the line 


by che cutward [carpe —_—_ — A B, 10. 100008, 
the produdt 18 CE —— — 130,30. 2,11 502, . 
halte whereof is the area of the triangle— ——— 4 FG.65.15; 

ſecondly the Iine—— — m— Þ, 6,68, 0,489, 


$\'P, 10. 1,000060, 


multipl,ed by the outward ſcarpe ————— 
APFLY. 66.80. 1, 832489,, 


produceth the area of the trapezium — 


The area of the {quare —— ————— *Rs8v.is.. 1co, 
Which doubled becauſe there are rwo p; ramides 15 qn— 0, 


Alſo multiplying the inward ſcarpe ———————— X s- IF. 7, 19699. 
bz the inward (carpe —_ Xy.15. 1, 1760g. 
produceth the area gf the ſquare — XuF7y. 225. 2,35218, 
And we found before the line am——_— ed 10,02, 1,008, 
which multipl ed by the ſcarpe n—_—— i, 
produceth the arca of eedL.150 30. 2,19095- 


which Coublcd is twice 


—_— eadL, 300, bo, 
Taſtly having found before the line mmm—_ ——C4. 19.55. 
which multipt,ed by the line ———_—_ - /c,1 5 

produceth the area of twice - I 64. 293,25. 


'T hus then the area of - 


- <=u—- -- -4 BGG, 15. 


the area of AN PFD 66,80, 
the area of twice o RSv. 200, | 
the area of — Xwuty. 225, 

the area of evvice —_— _—_—_——— zoo, 6. 


"162.297 25. 


The ſumme of all theſe Son P_—_ EX". * — — | I<C F 5. 3,"6100, 
multipl_ ed b;a third part of the Mtitu fe w—— —— — 5.— 0,69*9). 
— 


produceth the ſo'id contcn: in feete of al! the 
p ramids in the corners w—_ 


— — 7; 3,7 5997+ 


T'w 


"JS ©. 


\ L& &X as 
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Thus then the ſolid content of 'the Rampire 
the ſcarpings excepted is —— - 2918 17. focte; 
the ſolid content of the ſcarpings the- , 

p;r8mids in the corners Cxcepied is ————— - 10347 . 

the ſold content of the pyramids in 

the angles Or corners in———— 


the ſamwe of all theſc is the {lid content 

of this, paxt of the Rawpire in cubicke ferte —— 
which led is the ſolid content of one 
bulwork&and one CUFtaine Namel/ wo. ——— 10086, 
Aad this multipljed b; 6.'becauſe this fort © 

hath 6, bulworkes ———— m——_— nm_ —_—_— __ 6, 
produceth the ſolid content of the whole 

Rampire round about in Cubic ke {cer mmnno— an 12516. 


=57 54+ 
————— 


FOl O43. 


T he Parapet of the Rampire..- 


And thus as we have found the ſolid content of the 
Rampire in cubicke teete, we may inlike manner finde 
the content ofthe Parapet of the Rampire, if you will 
take that paines + But conſidering that the ſcarpings 
thereof within and withont are very little, the height 
alſonot exceeding 6:. foote; it may ſuffice if we finde 
the middle length of itby taking halte the ſumme of 
the outward and inward perimeter,and that multiplyed 
inthe arcaof the Section, or Prokile of the Parapet will 
produce ncere hand the ſolid content of the Parapet, 


Firſt then conſidering that the foote of the Parapet 
15-10. foote within the outer edge of the Rampire, . 
(the Rampire having in. this example 1 0.. foote ſcarpe, 
before ic riſeth to the foote of the F arapet) therefore 
let the lines, TS © 4. repreſent the cuter foote of the 
Parapet, and becauſe the innerfoore is parallell there- 
ro, therefore (toavoyd multiplicity) let us ſuppoſe the 
inner foote of the Parapet to be repreſcmed by the - 

O. 3 lines 


( x06) 


lines Hs £7, and ſuppoſing the breadth of the Pa. 
'rapet T'A,or gl, to bee 20, foote, we have before 
found. 


The line <ooo_s m_—_ n__—_ 60,9, 
The line coomes — war £) $,I14. 57. 
The lige» —_— FT, 220, foote, 


For the line LI. andfirſt for A g. 


As tangent halfe the flanked angle —= ——g 47. 37.4, 36.t,c. 16,11 502; 
to the breadth of the paraper ——=— — ——=——_——— / f, 20. foot. 1, 30103, 
ſo is Radixain proportion 

(0 the line ———onmamamennenan nmnrnnmmnemnmnm { £, 36, 06, 3,4 1605, 


(109) 
For f No 
As cant, halfe the angle of the ſhoulder — f £1 Ln 15". t.c- 9.81489, 


4s the breadth of the parapet — L. 20. . 1,39163, 
ſo is Radixa in proportion NEE 
cotheline — x... 
whereto adding the line eo— 6,06, 
the ſumme is — —_ 9,4}, 
which ferbſtrated frem - — A $ 260.29, 
remaines f g, being equal] ro w—_ 7, 86, 

For the line [. z. 
ATaine frem theline —— }  ; 
ſubſftrating $\ þ. e 0) em_—_ c__ 6, 
there regnaines the line n— dens | Sy 101.21. 
whezero adding the thicknefſe of the pargpero—m—arom nn— 
Vie hombiache ling ce —— LY, 2, . 

For Hz. 

Andifto the lifle —o—n— ——\T, 0, 
we adde the thickneſſe of the paraper — 0, 
we-havye the line— = — —_ {. 249. 


Thus then we haye the lines about the ourer V < SL- 260+ 29. 
foote of the paraper $LS. 114.57. 


& T. 220, 00, 


, LL 220, 86. 
Andalſothe lines about the inſide of the paraper< L q, 121, 21, 
H x. 240. 00, 


The ſumme of thera all is 1176, 93s 
the balfe whereof is — — ——_—;}, 46, 


Which is the meane length of the parapet from the 
middle'of the curtaine to the argularpointof the bul 
worke. 


Now forthe arca or ſuperficiall quantity of the Pro- 
le 


(168) 
file or SeQion of the Parapet,. ſuppoſeit be as in this 


Ggure. Whercinletthe foote of the parapet here re- 
preſented by 4 8. be inbreadth 20. foote, the breadoh 


: I : , K, , 
a4: —— 
ATz DB C 


of the banke or foote>pace within the parapet -Z C. 3, 
foote, the height of thar banke 1 5 foote, the height of 
theinner fide of the Parapet DG. 6» foote. the height 
ofthe outer fide 2 F, 4. foote, the outward ſcarpe AE. 
2 +foote, the inward ſcarpe D:B.. x foote. 


Then « the line F H. 07 —m—— ED. 16.5. 
which T7; 2 aa by the heizht DH. or ——F E.4. 
produceth the area of the long ſquare FEDH. 66. f.fq. 


Alſo the ſcarpe | AF. 2. To 
multiplyed by halfethe height %— ———» FE. 2. 
produceth the-areaw'of the triangle ——=FAE,5, f.ſq. 


Thirdly the line —_— FH, I 6, To 
multiplyed by halfe the height ; ——— GH. 1. 
 proauceth the areaof thetriangle — F GC H.tbyes 


\Fourthly the ſcarpt ——DB. 1. foote. 
multiplied by halfe the height: —< — GD.3. foote. 
produceth the area of the triangle G DB.3z.[q.tcet. 


Laſtly 


— — — — 
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Laitly the breadth of the banke ——v=———B C. 3; focte* 
m1ulaplye bt vhgreof ror — BILLS, 

prodaces h the arca foe romboydes I K C Ba4-5. 


The ſumme of theſe five is the area of the 


whole ſeFion in [ Ne ines tag GIK C9 5:1,97773s 

which wnlighels b of. 

the parapet — —_—— — $88-46-2,76972. 

p54 _—_—_ ————— 5504 4,747 44- 
the falj lj comp of the Para- 

pet, ee? So middle of the curtaite to the angular 

Nw of the next bulworke. 


- Therefore being doubled ir is the" folld content of 
the Parapet for one curtatne andonebulyork.1 12808. 
And becauſe this Fort hath 6. bulworkes | 
therefore if we multiply the ſame by —<————s. 


the produc i is in ſolid fecte —— —- ——>570848. 
Which # (neere hand) the ſolid content of the Parapes 
of eaiyve round about the Fort. 


If you defireche ſolid-content of the Parapet more 
exact , youmay worke after the forme of the exam- 
ſhewed, m caſting up the (concent of the 
benny And inlike manner you may doe for the ſo- 
lide content of the, P arapet of the Fauſſebray, and 
of the counterſcatpe: or covert wiy ; which fora. 
much as they may bce caſily -eongeived by theſe 
examples weepaſſe them over ny {procorde to other 

bo c 


P To 


\YTIto): 


| U ——rwoanme— AM A; \ TAIITACNO 3 

To re fol wh & fporier 0 4ar rh will Jorwe: THIEN 
Rimpire' of aiper, Tr "_ ne or mve" on 
leſſe. S 


FE 24 of Ges to erat " 


w- fopnd before, ſounare Ferre: —— _y 
ohh Rr FA 7 by The Texerh $/0en= ——v""5 5 
| poorer ys od dre 9500, 


ITS Np ny ſerve to make the Pardper 
inlength'100, fi 


3 I 


An4ſeeing nt, the Fee win rect. - ;o-foots 


Anda ve Ae by dah read 5: 
the ſumme of < — I15. 
Shecmtereſs ite mien br breadth _ 

ire namely — 57, 


od ox ae multiplied by > height of the Ka Kempite—! 15. 
producerh the area of the Setian of the 

Rampire in ſquar _ — —— 26: 2 $4. 
which mms pr the length gives — 100. 
the produtt Fu 6 Shicke fler W—— 6250. 


And ſomuch carth ſerves. to makethe Rampire x06) 
foote long, | 


Tofinde what quantity Y earth will raiſe the Rampire to 
any height aſsjgues. - 


Forbrevity and perſpicuity we will Hereas in other 
'aces, runnethe example along with the rple, where- 
orelet.it be required'to finde what quantity of carth 
will 


: 


CELTY 
will raiſe the Rampire 6. foote high, and 100, foote in 
length. And foraſquch as the Rampire in riſing 15. 
foore, ſcarpes 25. foote, therefore in riſing 6. foote it 


Ml {cage 001 fears.) . OD OE TUE ITSITTNG 


\.. D | 
Therefore 'as © A 


"Ihe Brtadrbrof the R empire at the focte ini 6 Foote. 
Fe Ne ene 
| off brehdt Dok bf biking L2M20 JOurrt?;; 


the halfewheresf is the meane breadth 

ofthe Kampire for that height, namely ——— 65, 
which multiplyed by the height gives ——— 6, 
produceth the arca of the Section ———— 390, f.ſq. 
which multiplyed by the length gives ———100, 
produceth the ſolide content of the earth 

ſerving toraiſe the Rampire 6. foote high 

and 100, forte 'onz, namely ———= ———= 29000,Cub,F. 


In like fort we might finde what quantity of earth 
would raiſe the Rampire, from 6. toote high to 12. 
toote high, and ſofor any other height propoſed, but 
theſe and the like may eafily be underſtood by the ex- 
ample here given. 


(112) 
CHAP. X. 


0 of, the Capacity or or fi comtentof the Ditch, and in whit 
Jr mf edigged, 
tcb-may be 140. ſgote broad ſcmetimes | 


more ſometimes. lefle, as. occaſion requir 
Forif the ground below, that it cannot the | 


fo y 
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digged deepe by reaſon of water, the- ditch muſt bee 
the broader that there may be earth enovgh for the 
Rampireand Parapers, if the ditch bedry it muſt bethe 
deeper, and have the lefle ſcarpe. Inthisexample wee 
makethe breadrtrof the ditch ar the: roppe ro be-12 0. 
foote, and at the bottome 156. foore, the depth 10. 
foote, and the ſcarpilg on cither fide 10. foote. 
Now then accordmg tv© what- wee have before 
ſayd, if there be a Fauſſebray and a Parapet thereto, 
the inner edge of the ditch, -will be diſtant from the 
outter edge of the Rawpire, 70. 40. or 50. foote ac- 
cordirgto the breadth of thoſe workes, Let ithere be 
diſtant 4 ©, foote, ſo thatinthisfigure let D NF G, rc- 
preſent the outward foote of the Rampire; Qe83 4.. 
þ -— fide of the ditch, 7 R, the ourfide of the 
itch, 

Now. for fndingthe copaciyof the ditch; firſt (as- 
wedid before for the ſolid content of the Rampire) 
we will indethecompaſſe of the ditch, onthe outſide 
and onthe infide: ſecondly the perpendicular capaci- 
557.90 ebedired, accordingto the leaſt dreadtly of the 

itch, which isat thebottame;thirdly the conrent ofrhe..- 
ſcarpings, and laſtly of the pyramids inthe angles. . 


PrxoBL Iam. |. 


T's finde the inward and oatward campaſſe of the ditch. 


Here is already knowne 

The halfecurtaine — DN, -2r0c foe. 
the ffanke — ——— FT, tt. :5. 
the front — e—— —£ 6.280. 


P: 3. 4nd 
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; - ud there is required the compaſſe of the ditch tn either 
tae, 


Firſt for the outſide of the ditch — I Re 649. 5, 


we found it betore Chap. 8. 
Wecometherefore tothe, inward fide —— Qe B 4. 
| '8idoN zh] 5 11% hy 
For the line B A. andfirit for AS; 


As tang. Haifc rhe flanked anglc $4G.37.d.30'.r.c 10,11ycs, 
tothediftance of the durch from the Rampire —» 3 G, 40./foote, .1,60206. 


ſo is Radins in proporudn 
tO the line — AS. 52,13. 1,71708, 


Secondly for B #4, 


As ED che angle of the ſhoulder ———z B F."56.4.15,. t.. 9;8 24%. 


_— 


9 0 TI che Rampare n F. 49. fag, .1,60206. 
40 18 oportion be:sk X 
tothe line - punt — ————),:6. A ni 
whereto adding the line before foundonn w— 4 $.52,1y(/ J 
as alſo #8, equall ro the frog ———————— FG. 

the ſumme is the line —— -- — B A. 358.36. 


For the line Be. 


And if we ſubſtraRt from the Banke FN... 2s, 
the diſtance of the ditch from the Rampire —— — 1.40. foote, 
there remaines F 1, being equall to — ec, 78.25. 
whererq adding B O, which 15 cquall to——————, BN. :6, 73, 
the ſurnme is the lige  —_— ___} ,,, g, 


_y 
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Foy the line Q. © 


Laſtly ſubſira&ing from halfe the curtai DN. 210, foore- 
che diſtance — none ] » N. 40. 
e D2 to 8hel i TT Yn EL] $2rm 
Ls the line — —- 97. 8 
and alſo the line TCG_— ——  —— ww, on 58 
the ſumme is the compaſſe— — | 


— eB 4 26.84. 


which isthe owelkbpartof t the inyard compete of 
the dich, Cl 


(216) 
P2653 By ib FH, 


ity of the dirch according 
tathe ltaft breadth thereof which is at the bortawie, and 


firſt the lines thereto requiſite. 


|; Fenn Bmgage ſcarping and narrower at thc 
4D bottome than at the toppe, you may firſt-ſearch 
the perpendicular capacity thereof according to its 
leaſt breadth, which perpendicular capacity is found if 
you multiply the area of che bottome of the ditch by 
the depth otthe dirch. The area ofthe bottome of the 
ditch ſuppoſe to be that which is here contained with- 
in the lines WX T m HY. forthe finding of which arca 
itisrequiſice firſt to inde the lines Y H.mH, y7. yT. 
W MX, 


For Y H. 


SubſtraR from the line m—— 2 e, 170, foote. 
the ſcarpe of the ditch——— —— 3H. 10. 
the remainer is the line —— ——=—# 4. 160. 


For the line m H. 


As tang. halfe the angle of the ſhou'der— Bm7.56.9. 15'.t.c 9.82489. 
is to the ſcarpe —— —— —— - xm ———Þ 7, 10, foot. 1,00000, 
ſo is Radius in proportion COA 
to the line —= — mn _—— 7,6 6. ,: 48. 
And it from the line before found ——=——— — — Be, 97. g8. 

we ſubſtra& the (ca ———_ ——  -_ 3}, 10. 

there remaines the line —  _—_ < ; H. 87.98. 

to Which adding 8 7, we haye the line _——— 


—— i H, 94-66, 


> And 


PF" ES I 
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And ſeeing the angle of the ſhoulder iIqwn— m7, 12.4. 36. 
oat then 0 1 80. deg, is the angle —x 11.67.39. 


For y V. and firſt form y. 


As the fine of the angle — my. 67.d. 36. 8. 003438, 
eotte line p x. being <quall to —_ FH. 160. foote, 2,20412, 
fo is Radizs in proportion 

to the line - — = J. 173.18, 2238590. 

Secondly, for mz. 

As the fine of the angle 7 my. 67.4. 36.5. 003438, 
to the ſame line — — =— © y. 160, foote, 320412. 
ſo line complement the angle Imy.67.9. 30. 8.c. 9,53284. 
tothe line — mx. 66,27. 1,82134. 


— 2 H. 94.66, 
JV. 28. 39. 


which fubſtraRed from tlic line —— 
there remaines 4 H. cquall to —— 


For the line y T, and firft in thetriangle 6 AT. 


As Radixa is in proportion 
to tang, compl. halfe the flanked angle—— 6 T 4. 37.d.36:2.C. 10,11502, 
fo is the (carpe of the ditch _ -6 4, 10, foote, 1,00000, 


tO the line w— — mmmmm—— GT, 13,07, 1,11 50s 
whereunto adding the line 6, 8. equall ro——4B.; 58.86. 
the ſumme is the line — c_—_ 3 T,37 1,9. 
whereto adding 8 m. cquall to won —#7. 6,68, 
we have the line a mT.375. 57. 
to which adding the line befere foundmns ———— my. 173.18. 
wc hayethe whole line JT. 5$$1.75- 


And ſecing the line x. is by conſtruQion parallel! 
to yT. thereforetheangle 77 4. is equall tothe angle 
Ty m. but the angle 1y m. is equall toy mz, becauſe 1y. - 
and m.. arc acallcls therefore theangle 1W 4. is c- 
qualltothe angle = my, 67. deg. 30. then 


"c. For 
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For the line W X, 1 finde firſt W 4. 


As the cangent of the anglo— IW 4.67.4. 36.t.c. 9.61712; 


ſo is Radiwin proportion 


And before we found 6 T. equall to ——— -—— 5. KR. 13. 03« 
which ſubſraQted from the line —— I R. 649.50. 
there remaines I 5. £quall ro m— X. 636. 47. 
whereto adding — — n— — 4, 4. 14. 
the ſumme is The linCommmns —— X,64,6. 


co the ſcarpe of the ditch = = = = = = # I] 4+ 10, foote. 1,0000g, 


0.61722, 


— — 


excepted, namelyooomn— 
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For the arew of the bittome,, and the perpendicular c6- 


To the line — W X. 640.61. 

adding the [inc ——_ TT,5$51.75. 

the ſumme is — 7 36, 

the halfe whereof & $96, 18, 

which multiplied bythe breadth ax the bottonie 100, foote, 

produceth the area of the figure —— WXT y. £9618, {q. feete, 
Againe, 

we found before the line ——mm—_ —— an—_— s H,q4,66, 

and the ling —no—————_—_ JV. 28.39. 

the ſumme of them is mon rn: — pnnm—_ 133+0F, 


—. 


the halfe wh:reof is 61, 5 27. 1,783g06, 


which multiplyed by — — V H. 160. 2 2,2041 2. 
produceth the grea.of the rrapezium wyY H. 9944. 349935. 
whereunto adding the area of —_ X Ty. $9618. 

the ſugnmae is the.area of the bottome 


of the ditch wa—_— FW XT mH 69462, ſq. feere, 


which muliplyed by thedepth — qn——_—_ I 0. 
produceth the perpendicular capacity of the ditch, . 
or the (olide content of the ditch, the ſcarpings 694620, cubJfecres 


For the $carpings. 


the line—— U H, 160, focte. 


h | _ the lincaobHH 7, 37, gf; 
The length of the ſcarpings, name]; Do oe altps/4 


the ine-—-4 X. 626,47: 
nes 1243-31. 


the ſumme of theſe 4 lines 1s 


which pars. 6 by the ſcarpe + p—_— 10, 
producerh the area-- — -- 32437. i. 


the halfe whereof js — — — 6216.5 ” | 
which multiplved by the d PII nk —; 
produceth the (alid content of the (carpings, the * 

p3ramids inch corners excepted, namely woogr — om  6xz65; cub. ſie, 


"Fo For 
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7 os the Pyramydes in the cormess, 
The line — — } E. 10, Foote; 
which multiplyed by the ſcarpe ——— —— — 3; H.1o, fooe, 


produecth the area of the ſquarco—— — 3teTH, 100, foote ky 


For the Trapezium. 7B 8 m; 


Tleline TO _ — 78.6, 68, 
TIAL aecof the baſtu. - B 8m. 66.80, 
which doubled becauſe there are two p) ramigdes is —— 13 3,60. 
enultiphed by ef > 
tiplyed bye _ — « Io, 
producerh Cncherpeot — 4 6 T. 130. 39% 
the halfe whereof is the area of: X 5 R.65.15, 
Tod _ — x =_ 4- 14s 
Carpe — o . IO, 
produterh twice the arca of ———_ 1,4, 4, 
Thus then the 2102 Ofomomanr won ;t H.is-100, fools; 
the double arca of 7B8m.is,133.60, 
the double arca of+ = » = = = = =. AGT.is.130.30, 
OOO ME nm rrrrmmmmmmms — X5 Ris. 65.15, 
the arca of. — CC ———_—_—_—_—— W 4 L. is. 41. 40- 
the ſumme of all thoſe area is == = = = = = 470, 45s 
wtich mulciplyed by che depth 10, f, 
the produR is — 4704. 50s 
the third pare whereof is the ſolide content 
— i - 1568, x7; 
us thenthe perpendicular capacity of 
the ditchy de barpingerneryred3> = 694620, 
Te (carpings of the dixch, the pyramides 
in the totners Excepred 19— 62165, 
The ſayd pyratnids in the corners — 6, 
CE of this pate of the ditch is 75353. 
Which dou the ſolide content of the ditch, 
for one bul and one curtaine—— — I 516706, 


And becauſe this ort hath kixe bulyorkes 


——  } ——. ttt. 
6, 


we have the DDE the ditch round 
- &hout this Fore in cubicke feete ume — =—_— 9100236, 


Buy 


before ye ſound the folide content of the Wo 

gmt = = as 5 I 6012526 
And the ſolid conteat of the Parapet 0n "34 

The Rampire to be— —— 670848, 
$o that the ſolide content of the Rampire ; 

and its Os —— _ — — — 66; 64. 
which ſubſtraRed from the ſol;de conrens.of : : 111.9 : 

che dich tre romaine — _—C 2406872; 


*  — 
. 


Q3 Which 
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Which earth remaining may be employed to make 
the Parapet of the Covert way, and of the Fauſſebray, 
and for Cayallicrs or mounts, otherwiſe if you make 
none, the ditch may be the leſle, 


To eſtimate the charge to be beſtowed, or the number of 
men, or time to be employed, in raiſing a Fort pro- 
poſed. 


Efore you begin to breake greund, or to employ 
men in ſuch a buſfineſle as this, itis requiſite that the 
Enginere caſt up, as we have here ſhewed, the quantity 
of carth, that will ſerve to raiſe the Rampire and Para- 
pets, and ſo of what breadth and depth,the ditch ought 
to be, that there may be a ſufficient quantity of carth 
for that parpoſe : and that thus he may be able to give 
ſomeneere eftimate ofthe charge to be beſtowed, and 
of the number of mento be employed forthe accompli- 
ſhing of it in time convenient. Touching the charge, 
S: Marolok ſaith (peaking of the Netherlands) that it 
is about 16. 20. 25. Or 30. ſoulz for every 144. cubickec 
feete, that is (accounting tenne ſoulz for a ſhilling) 145. 
or 20, for 1000, cubicke feete, or more orleſle, ac- 
cording tothe diverſities of places and occaſions. In 
England we have no ſuch workes uſually done, and 
therefore we cannot ſpeake of any o;dinary price, nei- 
+thercan there be any generall rule given for the time or 
number of men tobe employed, irr regard of the great 
diverſity of grounds to be Tortified, and other confide- 
rations,- it may therefore ſuffice to ſhew how ſome 
necrecſtimate may be give,” [nl 
Asto giveancſtimate in what time a certaine omg” 
WSLE: _ 2 


B 


\ 


i RE oo i. 
i a *« 
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of men may ig the aforeſayd ditch, containing 
9100336. cubicke feete, of earth, ir is requiſite firſt to 
know what one man will digge ina day. When-I was 
inthe Fennesin Linco/neſhire, 1 was informed by men 
of good experience there, that a man would digge and 
fill intoa wheele-barrow ina day, 17. foote ſquare of 
carth, and about 27. inches deepe, which is 650. Cu- 
bicke feete of carth; I have beene' enformed the like 
in other places, where they have wrought in Marſh 
land : S. cMarolor in his booke of Fortification af- 
firmes, that according to ſomeof the beſt experienced 
inthe Netherlands, a man working his beſt incarth 
that is fat and faft, may digge and fill into a wheecle. 
barrow inaday 648. cubicke feete. Butit may be, in 
any of theſe places, when they doe ſo much, beſides 
the aptneſſe of the. earth, they take extrgordinary 
paines. Let us. therefore ſuppoſe that the moſt a man 
can ordinarily digge,- and fill into a whecle-barrow of 
good carth, to be 5 00. cubicke feete ina day; then may 
200, men digge, 100000, feete inaday,1o that accor- 
ding tothis account, 200. men may diggeand hill away 
the foreſayd ditch containing 9100236. cubicke feete 
in 91.dayes or thereabonts, tor dividing 910023 6. by 
100000, the quotient 91.dayes and ſomewhat more ' 
nottobe. regarded. Bur if you. finde the carth tobe 
ſuch, .that a mancannot with ordinary paines taking, - 
digge 500. foote ina day, you muſt make your account 
accordingly; as ſuppoſe 1finde that a mandigges bur 
300. footein-a day, and I would know in what time 
they would diggethe foreſayd ditch, I ſay then by the 
rule of proporuon - 1 
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As 1. Ms. Tt 2 RENEE RT 7 "IO 

digges 300. foote—— —————— 477. 

ſomay 200, Men, o— 2,30103. 

digge 60000, foote —— 4,77, 

A gan. 

As 60090, foote m——C0,, $,22186. 

is to 1, dayes worke. 

ſo 9100236. foote., —_—— == 6,95993s 
is 152. dayes worke almoſt. — 9, 
Otherwiſe you may ſay by the rule of three reverſed, 
If ——— men nc ann RK 
ICQUIIEA— raom—_ I, daycs. 

then — —— 700, Koten or 
DCQUIICmne—— 152. dayes worke almoſt. 


In like ſort you may eſtimate in what time any other 
number ofmen will be able ro doe it, eſpecially after 
ſomerryall made, for by reaſon of the great diverfity 
ofgrounds, and other occutrents, this point cannot be 
alwayes determined without ſome tryall. Beſides men 
doe uſually much more when they take a buſincfſe by 
che great (asthey rermeit) then when they worke by 
the day. Now looke how _ Pyoners you employ 
to digge, ſo many you had needeto haye with wheele- 
barrowes te carry itto the Rampire and Parapets, and 
others thereto ſpread it, tread ir, and lay it eyen, and to 
rayſe the workein its due forme,and this being diverſly 

performed, ſometimes with a face of turfe, ſometimes 
; of 
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of carth ſowne with graſle, ſcede, ſometimes laying 
faggots or wood inthe Rampirez ſometimes none, 
ſometimes a foundationto be layd (as in ſoft Oazic 
grounds)oftimber or brick-worke &c.there is nogene- 
rall rule to be preſcribed in this point, touching the 
ccrtaine number of men to be employed, 
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CHAP. X Ly 


£ 
of ſach other workes as are ſometimts made inor about 
Forts of maoj# importance. 


BEATS Hen I began this Treatiſe I had no intent to 
\ NU have wadcd fo farre in this part of Archi- 
eV WP) teQure military, asT have already done, but 
£5 onely to ſhew therein the application of the 
Dorine of plaine triangles, as itis performed by this 
late invention of Logarithmes, and indeede that had 
beene ſufficicntto thoſe that have reade ſuch moderne 
Authors,as have more fully handled this ſubjeRin other 
Languagesp But conſidering how little hath beene 
written hereof ia our Englſh tongue, and thatthe pra- 
Riſc of it with us is very rare. I have becne ſomewhat 
larger than intended, and here further have annexed 
this deſcription of a Fcrt of ſeven ſides, expreſſing 
therein ſuch other workesas are ſometimes made in or 
about the moſt compleate Forts that arc uſually rea» 
red. 
We have before ſufficiently ſpoken of the Rampire 
and its Parapet, here marked with A. as alloof the 
walke for the Rounds or FUNNY B. and of the Pa- 


rapet 
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rapet thereof C; as alſo of the ditch, here marked with 
D, and of the curtaines, bulworkes, fronts, flankes, 
ſcarpings, &c. to proceede therefore tothe reſt. Next 
within Ba Rampire, betweene the Rampire and the 
houſes, there isa ſtreete left ſometimes 30. but here 
40. foote broad, whereto the fouldiers may retreate, 
orbe put in array as occalion requires, the other ſtreets 
are ſometimes 2.4. but here zo. foote broad, and inthe 
middle is the market place, being of the ſame forme 
| whereof the Fortis, namely of ſeven ſides, every fide 
being r5.or1$. rods, the other ſpaces -betweene the 
ſtreetes, are for the houſes of the inhabirants and ſoul- 
dicrs. 

._Onthe outſide of the dicch, betweene every two 
Bulworkes, and' againſt the middle of the curtaine is . 
placed a Rayelin, one of them being marked with 2, 

and the reſt (cituated inlike manner, the two Fronts of 
every of theſe Ravelins may be 15. 20. or 25. rods, 

andrheſeare ſomade on the edge of the ditch, that 

their led avgles, atc at the concourſe of the lines . 
bounding ihe ditch; and thatthe Fronts of theſe Rave- 

hns,might be the better defended,their outward angles 

. are the more acute, inſomuch that they are flanked 1, 
fromall or the greateſt part of the Frontsof the bul- \ 
workes next unto them. 

The Rayelin here marked with Z, and ſothe reſt are 
raiſed above the champion (orlevell whereonthe Fort 
ſtands) 4. fonte, and 'it ought not tobe higher that it 
may not impeach the diſcovery of the champion a- 
bout. And. upon the Fronts of every of theſe Rave- 
lins thus. raiſed, you may make-a Parapet 20. foote 
thicke, and 6, footc high, that ſoit may be Cannon 
| proofe. 


20 20 
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proofe. The ditch betweene the Ravelin andthe coun- 
rerſcarpe, may be 5.0r 6. rods broad, and asdeepe as 
youcan conveniently make it, = 
Ravelins thus made againſt the middle of the cur- 
taineare very frequent in many Forts, being of 
uſe to defend the fronts of the bulworkes; butthe other 
Ravelins or halfe moones oppoſite to the angular 
ointsof every bulworke are not ſo uſuall, notywith- 
anding, they alſo are ſometimes made, and may be 
raiſed and havetheir Parapets, and ditch as the other, 
being alſo flanked by thoſe Ravelins, that are againſt 
the curtaines, And without all theſe is the counter- 
ſcarpe with a covert way, and an Arginor Parapet, 
which is inwardly 6. foote bigh, as hath beeneb 
deſcribed, and as by this deſcription,;and che SeRtion or 
Profile thereof may appeare, there is ſometimes with- 
out the Paraper of the covert way a watred ditch, to 
impeach any ſuddaine aſſaulrofthe enemy. The height, 
depth and breadthorrhickeneſſe ofall theſe workesate 
expreſſedirthe ſays Sefion; whereinthe height of the 
Rampire is 15. foote, and according rothe'; 
of ſome ſhould not be more, if the Fort be made itia 
champion or plaine, where there are no hills neere un. 
toirt, but incaſe there be on any ſide higher round 
that doth command the Fort,” then muſt the Rampire 
onthat fide be raiſed higher, that the Fortmay be the 
better covered and preſerved thereby, from the an- 
noyances that may be done againſt it from that'place. 
And much after the forme here deſcribed is Coverden 
in Friczlaxd fortified, having 7. bulworkes with Rave. 
lins and halfe moones, &e. as in the fgure being the - 
moſt Royall regularFort in the Netherlands. /' 
| R. 2 There 
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There arc alſo oft times in Forts, Cavaliers, Mounts, 
zPlacformes,or batteries, raiſed higher than any of the 
foreſayd workes,a{wellto diſcover the Country about, 
as to annoy anenemy, thele are ſometimes rail on 
.the bulworkes, it there be roome enough befides couſe 
the flankes, but ifthe Gorge be too ſmall, they may be 
.raiſed on the curtaine, a little withinthe Rampire, fo 
asthe walke on the Rampire be not impeached by 


them. 
Of Horne-workes, 


| all theſe, and without all the workes before 
mentioned, there are ſometimes made Horne- 
workes, yet have ſeldome ſeene of them, but where 
an enemy is ſhortly expeRed. I was at Bredain May Aw. 
1623. being that Summer whercin it was taken by the 
Spaniard, and thenthere was ( as I remember) five of 
theſe Horne- works: others of them 1 {aw at that time at 
Bergen-op»ſom,which was beſciged the ſummer before; 
theſe are ſometimes made againſt the bulworkes, bur 
more conveniently betweene the bulworkes, and a- 
gainſt the curtaine,informe as followeth. 

Let@ N. be the curtaine of a Fort, @ L.and F N, the 
flankes FG. and L XK. the fronts, P ,2. the outfide of 
the ditch, andlet the outer foote of the Horne. worke 
be PAD 2. and the diſtance of the angular points 
thereof namely A.and D.from the ſhoulders of the bul- 
worke L. on F, be cquallto theline of defence 0G, 
namely about 72. rods, and let the diſtance of thoſe 
| r points 4. and D. be equall tothe curtaine of 
the Fort © N,ſoasthe fide of the blomeworke Demay 
Ke e 


L 
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beinaright line with the fAlanke F N. and 14 P.oyvith 
Z 0. (ſome would have the diſtance of theſe points 
A. and D. and ſoof P. and 9. to be lefle than the 
curtaine - + 4 Or 5. rods, wherein you may doc as 
you like beſt) betweene the angular points 4. 


and D. are formed as it were two halfe bul- 
wotrkes, AEH. and D M1. their fronts being 4B» 
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andD A, theirflankes E H, and M1. and the curtaine 
betweene them # 7. Without this horneworke, that 
is without the line PAEHIMDQ. muſt beaditch 
abour 3. rods broad, and 6. foote deepe ifthe ground 
below, otherwiſe the deeper the better, and within 
the ſame line may be a Rampire and Parapet, or onely 
a Parapet round about 6. foote high and 25. or 30, 
foote thicke more or leſle as occaſion requiues; with- 
out the ditch I have alſo ſcene. a covert way and a Pa. 
rapet thereto. Theſe Horneworkesare ſometimes cut 
off within the face AE,H 1M D. withanother like face, 
namely with fronts,flankes and curtaines parallelltothe 
former. 

But now-admit in this figure we have the diſtance of 
the angu/ar points, 4 D. 420, foote, and the-flanke 
E H, 60. footc, and that the fronts 4 E.and D M.fhould 
be cither of them equall to the curtaine H 7; the queſti- 
on is how much every ofthem muſt-be. It ſhall ſuffice 


at preſent to reſolve this Probleme by falſe poſition in . 


manner following. 


Firſt it is to be underſtood that Z 7. is ſomewhat- 


« morethan a third part of A D. therefore A D. being 
4 20. foote, the third part whereof is 140. the line #7. 
a__ be ſomewhat more then 1 40. feete. Wherefore 
r 
Letus ſuppoſe #7. tobe 147: feete, Then in the 
rightangled triangle H M1, 


ASM I: 60. feete, c0, ar. $,22185, 


to Radius 


fot HI— —— 147, fettt ————— 2, 16732» 
48 tang, H MI. — 


67.d, 47. 47'.4.10,38917« 
where- 


1 
| 
: 
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whereto iscquallthe angle —S 4D, 67.d. AT'. 47% 
Aeaine. 

As Radius EET 

1M D—— 147 fette —— — — 2, 67 3 

fox. —- $M D. 67.0. 47+ 47 5. ———— 9396654» 

fo — BD, 136. 1, ——= ———a 2513386: 

and adding AR. — 136. 

and RS, ——— 147 

Summe © AD, —— » 419. 2 

which ought to have beene M74 O. 

ſoit @ 00 little by — — —— 
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 HOnnes I iſuppoſe againe that Z 7. is 148. and 
then 


Ai ME — == 60. feete. co. ar, $ 422185! 


ro Radius 
fois HI. ———— = 148, feete, —— 2,17036. 
70.14, HM I. 67: d: 56. feete, — 19,3931T 


Whereunto is equallthe angle SM D. 67,d, 56.fere, 


As Radius 

10M D. —— 148. feete, — 2,17036, 
f0.$.S MD. 67.0, 5 6. ferte=mn——— —9,96696. 
$5 Do——— 137. I6, — —_— 2,13732s 


And addingAR.17.16, 
Hilſo —R S. 148. 147 —_ oz 
ſwmmen AD. 422.32. | x 


mbich ſhould be 4.20. 
ſoitis by ———2+ 32. 


. TO 100 
ſumme— 37064 


100 
ſumgge ofer,— 252 


-—— 


I'oO. 


_ 
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379887147 Horry ves 
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Thus having found # 7, to be 147;4 we may more 
cally findethereſt ſaying, 
As M I-—= 60. fette. 00, 4rs 8,22185. 
to Radius: 
ſos HI. —— 147: 4+———— 2,16850, 


amy H MI. —— 67, d. 51. mw — 10,39035s: 


Whereunto is equall the angle S 24D. 67. deg. 51'. 
as alſo the angle M D Q, 


As Radius To 
0 —— — MD. 147.4- ——32,16850; 
ſorS.C, ——=— —S$ MD.$.22.9d. 09, — 9,57638. 


to w—— MS. — 55.57. 1,74488. 
whereto adding M I. 60, | 
ſummeis — = SI. 115.57+- 

As Radius 


10 —==— —— MD. 147. 4 — 2,16840; 
ſo S$, =———S MP. 67. 51. —— 9, 96670. 
to X | $ D. 136, 4. —= 2, 13510» 
which doubled is ——— 97x72. 8. 

and adding R S. 147» 4- 

ſamme is mmm marr = 420, 2 .. 


S 3 Which 
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Which is more by Z ofa foote than it ſhould bee by 
not taking the Ry fractions exaRly, which you 
may corre if you pleale. 


lm 


CHAP, XII. 


Of" ſmdB Forts or Field Shonces, and marking thens out 
Mechaxically, and firit of a $ konce of foure ſides. 


=2Hus have 1 ſhewed at large the application of 
fl che Dodrine of Plaine Triangles by Loga- 
| Sy rithmes, in this part of ArchitefFnre Mili 
ESSE cy, which was the ofcly thing IT inten- 
ded when I beganthis Treatiſc. But for the filler un- 
derſtanding thereof I have / as occaſion required) 
handled other things incident; And now having (| 
more time herein then at firſt Taſſigned forit, and my 
other occaſions calling me away, 1 might have liberty 
hereto conclude :' yet conſidering that theſe Forts be- 
fore mentionedare wotkes of ſuch labour induſtry and 
expence, that they may ſceme hard to be accompli- 
ſhed, efpecially to us, where they are not uſuall. I have 
thoughtit requiſite to ſhew, ſome mechanicall and ca- 
fie way fordelincating and ſerting forth of ſmall Forts 
orficld Skonces : For though it was meete to ſhew the 
application in ſuch Royall Forts, as we have before 
poken ofz yet theſe being more cafily made are 
more frequent, and have alſo their neceſſary uſes as 
well as the former. Foritis to be underſtood'thatthe 
| Fort wherein we have before given anexample confi. 
ſting of 6. bulworkes, is ſufticientto containe 600. or 
700, 
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700, houſhoulds more or leſle, according tothe _ 
tity of ground that youaſſignetor each houſe,which we 
have before fhewed how todetermine Chap.3., Admitit 
containe 600, houſhoulds,and that incvery houſe there 
are two men fit for ſervice, then are there 1200. ſoul- 
diers, Which inſucha Fort are. eſteemed ſufficient to 
oppoleten ortwelve thouſand aſſaylants, with twelye 
Cannons, for(according to Errard Barledac)a Cannon 
may be diſcharged 80. or 100. times inaday and 12: 
Cannons, well placed and employed , may ruinate 
with 1200. ſhot a Rampire of 72 footethicke,orthere- 
- abouts, which breaches may in that time. be repaired. 
and maintained by the defendants. 

Ifthere be no ſuch force. expected tocomeagainft a 
Fort, or if the place be not of that importance, tode- 
ſerue ſucha Fort, then it needes not be of ſuch ſtrength: 
you may therefore make a proportionall diminution of 
the Gorges, flankes, and fronts, as we have noted, 
Chap.2. 4£xiome 17. But new wecome toſome Me. 
chanicall wayes, for ſetting forth of ſmall Forts, or 
field Skonces, and ſome ſach we have before briefely 
touched, at theend of the {ixth chapter, others 1 with 
here ſhew, and firſt begin with. a regular Skonce of. 
foure ſides, whichare moſt frequent. . 

Let B C. bethe ſide of. a ſquare to be fortified, and: 
let.it be required to ſet out the ſquare and the byj-; 
workes thereof. | \V. 33 

Firſtfor ſetting out the ſquare, ſet a ſtake at 3.. and- 
alſo at (. and having as isaforefayd a chaine of 5. rods, 
or 50, fects, meaſure from B. towards C, z, rods;,which 
ſuppoſe to end at 44. ard.there make a matke;, alſo 
micaſirefrom 8, ſquare off, as you guefſe towazds Hate 

| rods, 


rods,atd keeping the endat 3B. fixed, turne about that 
end, of tha part of yonr chaine which isat P. that with 
a ſharpe ſticke or iron point, you may deſcribe an Arch 
on' the” ptoand ; then let one -catry the end of your 
clidinewhich was fixedat B. untothe marke'you made 
at M. and meaſure from 2. to P. the whole Tength of 
yo chaides. reds. matking in what part of thearch 
made your chaine doth reach unto which ſap- 

poſe ts beat P. and thete feta ſtake, 
Nowſippeſcthefide of your fquare B[.. tobe 12. 
rods,thenineaſure alſo from 3. to 1.12. rods —_ 
ake 
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ſtake at 7, ſoas theſe three Gakes B P 7. may bea right 
line,” and thns you havetwo lideg of your Fort BCcand 
z 1. with thi rightaogle at 3, 'thelike you may doe 
for the other'anglesat 1 Z. and C.-and forthe ſides 1 EZ, 
and EC. and ſo the one will examine-the other : Or 
otherwiſe meaſure fromthe fake apkeiſquare: off, as 
you C rawardsE, THe; rods,-liktwile .trom 6. tas 
wards" E..z2. rods; and where thefe”-twor meaſures 
meete inone asat FE. there drive aſtake,zand foisthe 
{quare ſet out. * «© 76 eniLas! 
- \Nowtfgrshecenterot chis ſquare, let one maniand 
at B. and ananher atC. and fct,arhigd man.drive-aſtake 
Toat 4. that the manar B. may {ce it, in aright line to» 
wards.F, andthe gaanat C-, may ſee it in-a right line 
rowards1. and {0;js4he ftake at 4. the center ormid. 
G ofche Fort, 29780 25 D307 313 ava ett 8 i 
1 Jyexttor tkebulworkes;divide the fide of the ſquare 
B C.1nto 5. equall parts, and make the Gorge lines B 0; 
and NC, either of them one of thoſe parts, and ſo all 
the other. Gorges lipesgalſormake the head line'B X; as 
much astwo of thoſe parts, driving a ſtake at X. ſo as 
you may thence ſec the ſtake at B. and that at 4.orE. 
all inaſtreightlive, the like doe for the __ points * 
of the othcr three- bulworkes. Then diyide the Cur 

talne ON. inc fqure equall parrs, and make the flanke 
6 L,andſo.N F, andall the other flankes, to be one of 
thoſc parts;butforſcttingthofe flankes ſquare off from 
the curtaines, ypu may. driye aſtake, ſo.at the ſhoulder 
F. that you may ſee from thence the ſtakes at Nand-D; 
all three in aright line, andthe like is tobe underſtood 
of all the other flankes.- And thusare the curtaines,eoz 
gether wich the flankes and fronts of the bulworkes ſet 
Out. T Now 
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Now ſuppoſing the fide ofthe ſquare B C.to be 12, 
rodsor 120. feete,then is the Gorgeline N C.24.teete, 
the head-line © G; 48, feere, the-cuntaine ON. 72, 
feete, andthe flanke F N. being a fourth part of the 
Ccurtaine is 18 frete. | 
: Otherwife/having fet our as before, the curtaines and 
Gorge-lines, andthe angular points of the bulwar kes, 
as XK, and G, and ſtakes being ſe6at” the efds of every 
curtaine, as at-0+et-one drive a ſtake at F, fo as one 
ſtanding at G. may ſee it to bee ina right-line with the 
takear ©; and he that (ands at Fo thay-ſeeirtobeina 
fireight line withtheſtake N., and Di 10 ſhall the take 
at F, be the ſhoulder of that bulworke, and in hkeſort 
may all the other ſhoulders of 'the -bulworkes be ſet 
out;and conſequetitly-allcheflankesand Fronts, '- | 
And thus having deſcribed at large, the Riking gut 
ofthele Skonces of foure ſides; which are moſttnll, 
we ſhall be bricfcr in thereſt that follow. 
FEY JLIO IT; | : 
:* To ſit out Mechanical MERreway Shonce of fot 
fides, M16} 2107 1OOWTE ” 


FE BC. beone fide of a Pentagon, firſt then to ſet 

ont-the- other fides Mechanically ; having fer a 
take ar B, and anotheratT, meaſure'from C, towards 
B. 53. feete, wanting a tenth part of a foote, thatls 
from C.to M, then meaſure from A. 45. feete towards 
P., alfofromC. 45.fecte towards P, and where theſe 
twomenſures' concurre namely at P, make a marker 
drive #take, then meaſure from-P. toD., 45. feete, and 
from C.toD. 5 3, feete, lacking .:. part of a foote, and 
where theſe two meaſures concurre as at D. there _ 


\n 


ſtake, meaſuring forwards towards EF, till yon have 
made C X, equalltoC B, and that ſtanding at Z. you 
may ſee the ſtakes C. and D. in aright line with your 
eye, then drive a ſtake at Z. and in like ſort proceeding 
you may ſtake ont the other three ſides. 

Then for the bulworkes, divide one of the ſides 
as B C. imo five equall parts, and make the Gorge-lines 
as NC.and 7. to becither ofthem one of thoſe parts. 
Likewiſe letrhe flankes N F.and 7 #,; be either of them 
one of thoſe parts, which flankes may be ſet ſquare or 
perpendicularto the fides, which they flanke by the 
meaſures, 3.4.5. 23 we have before ſhewed. Laſtly 
divide one of the curtaines, as © N,into 5. equall parts, 
and meaſure from F. towards CG. ſo much as 4. ofthoſe 
parts cometo, alſo from #. towards G. aſmuch, and 
where thoſe meaſures mecte, as at G, there _ 

T 3 
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ſtake-for the angular point of the belworke, and che 
like isto. be underftood of all the other bulworkes. And 
thus the Gorpeline:X/ C. is a fft part of the ſide of the 
on; the flanke F N, as much, the curtaine 0 N.' 
three fift parts, and the fronts of the bulworkes G F, 
and GH. are cither ofthem foore fift parts of the cur- 
taibe;'ſa that if the ſide of the pentagon be 120. feete, 
(as ſoit may be, dx more or leſſe) the George line is 24. 
feete, the flanke as tnuch, the curtaine 72. feete, and the 
fronts either of them 57 3fecte. 


Tefet Out 4 regular $konce of ſixe ſides 
eMechanically. 


You ſhall finde but few Skonces of ſixeſides, butif 
' & you would ſet out ſuch anne, you may doeas fol. 
loweth,.. ler BC. be the fide of the Hexagon. Firſt 
then forſctting out the other ſides, dividethe fide B C. 
into five equall parts, take with your: chaine-two of 
thoſe parts, -as' from {*to-X. and with that length of 
your chaine ſtrike an arch towards 4. namely at P.then 
let one carry the end of the chaine from C:to M. and 
keeping it ſtill at the ſame length as before, note where 
itinterſcs the farchayd arch whick will beat P. there 
drive a ſtake. Allo keeping till the ſamelength of your 
chaine, let one removethe end from A. to C. againe, 
and ftrike the archat D. thenremove, from C. to P, 
ſtriking onthe; ground the arch , at, . D, .lkweping 
it, ſtil} at,the ſame. Jeogth. as before ,., note» how 
farre- it, reacheth. in the: arch.- betore deſcribed at 
D. which will be tothe point P. where drjve a ſtake, 
and meaſure ſo from {\, towards. Z. that the.fide CE. 

may 
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may-beequall toC B.and that theſe 3.markesCD F.be 
in.one right line, and ſo you havetwo ſides of the Fort 
intended, namely the fide B C-atthe firſt given, and the 
fideC Z, thus laſt ſet our, and. inlike ſort you may ct 
out all the other fides. 

' Theſame fides might alſo have beene otherwiſeſet 
cnt, by making B 4. andCc A. either of them equallts 
8 C. \(inthis example onely) and ſo their concourſeat 
4. is the center of the Fort. Alſo meaſure the ſame 
Ciſtance from Ato ZE. end from C. to F, ſothat theſe 3 
lines,C A. AE. andC EF. may be equsll, thecanccurſe 
or meeting, at Fis another corner, ard the ftrcight line 
from C.to E: is anotherſide,andin like ſort mayallthe 
ſidesbe ſet out. 

Thenfor the bulworks. W hereas the fide BC. is be. 
ſore divided into five cquall parts; let the Curge lives 
T 3 NC. 
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NC. and Cc 7. becither of them one of thoſe parts, alſo 
let the flankes N F. and 7 H, be ceither of them one of 
thoſe parts and perpendicular to thefides which they 
fAanke. For ſetting them out perpendicular you may 
doe it ſeverall wayes, namely cither by thoſe meaſures 
$4 4- and 5. as we have before ſhewed in ſetting out the 
fides of a ſquare, or having ſtaked out the points round 
abour, and then parted the curtaines and Gorge.lines as 
ON 7 2. &e. the oppoſite ſtakes will dire youtogoe 
ſquare off, as we have before ſhewed in ſetting outthe 
flankes of a foure ſided Fort: Orlaſtly the ſtake at the 
point P.may direc you, foraſmuch as thoſe three points 
PNEF.orP1H. arcinarightline, and the like is tobe 
underſtood of the reſt. 

Thenforthe Fronts, (oneof the ſidesas BC. being 
aSatoreſayd divided into five parts) meaſure from Cc. 
towards; G. twoot thoſe parts for the head-line, and 
atthe end of that meaſare drive a ſtake, ſoas you may 
ſe irinaright line with: theſtakes at C, and P. or 4.and 
ſo is oncof the bulworkes ſtaked out, and in like ſort 
you may ſtake out all the reſt. 

And thus the Gorgeline N C. isa fift part of the ſide 
ofthehexagon B C. and ſo alſois the flanke N F.the 
curtaine ON. is three fife parts, and the head-line 
CG. is two fift parts, or twoſuch parts as the curtaine is 
three, ſothatif the fide of the Hexagon B c. be 20. 
rods, or 200, feete, the Gorge: lines are every of them 
4. rods, andthe flankes as much; the Curraines 12. 
rods, and the head-lines' every of them 8. rods. But 
(as inthisexample) ifthe fide B C. be but 120. feete, 


then the Gorge-lines are every of them 24. feete, the 
fAlankes 


| £343) | 
fankes aſmuch,the Curtaines 72. fcete, and the heads 
lines 48. feetc. 


The Seftion or Profile of theſe Skonees. 


Þ rye breadth, and ſcarpings, of the Ram- 
/ A pire, Parapet, Ditch, &e. of theſe Skonces, are 
repreſented in this Setion. Thus 46, repreſents the 
breadth or thickenefſe of the Rampire at the foote, 
which may be 24- 30. 01 40, feete, the heighttheteof 


#k. 4.6. or 8, feete, and the inward Scarpe 47. aſmuch; 
the outward Scarpe 46.2.3. or 4. feete, the breadth of 
the Parapetat the foote / ms. $.10,0r 12.feete,the bring 
of the ditch 6 p.- may be three feete;-or- x 
nothing atall. And ſothereſt of the meaſures ſuch as. 
by this eaſing table appeareth, whereiaI have follow-= 
wic writcr.. | YRO9R 
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| 
The breadth of the Rampire at the favte == 4 b, 


The outward Scarpe ofthe” Rampire hb. 
The height of the Rampire —— ——ik, 


The juward fparpe ——————— — - #4; K 


Thhe breadth of the Parapet att be faore —— 419, 
The inward Scarpe of -the Parapet —— ——l te 
Theheight of the Parapet on the ontfide ——- 


The thickeneſſe of the Parapet at the toppe — 
The breadth of the banke or footepace of the 
P arapet 
The height of the ſame banke within the Parapet 
The brimme of the ditch — 


— 0 * 


| 0Pp:) 
The breaath of the walke on the Rampire= ko.) 77 


The breadth of the ditch at the toppe P 0 
The depth of the ditch — 
The Scarpe of the ditch —o_—_—— P &e 


The breadth of the ditch at the botteme — —; 


ts — 
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-Intheſa lhaveexpreſſed no Covert way:without the 
ditch,) whith: notwithſtanding your may make if you 
leaſe, andifithe ditch benot full of water, you may 
take awaythe edge thereof at e 1.4. foote deepe, and a- 
bout 3. or 4. foote broad round about, then leaving 4. 
or 5. foote breadth further out, you may thereraiſe the 
Parapet of the Covert way, 4. or 4 4. foote high. 
In rayſing the Rampire, at the foote thereof onthe 


outlide 
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outfide yon may plant young Willowes, Haw-thorne 
buſhes, and other ſuch like, and bring up the tace of 
the Rampire with rurfes, and when the Rampire is one 
foore high, ie muſt be bearen and ſtamped downe till ir 
cometo 8. or 9, inches, that irmay ſettle nomore, and 
whenthe face israyſed five rankes of turfe, you may 
planrocher young Willowes or buſhes, (eſpecially if 
the earth be ſandy )arid ſogy Oates and Hay feed chiefe- 
ly ſuch ſeede as hath a ſtrong ſpreading roote, be- 
tweene every ranke of turfes, that the rootes may knit 
and faſtenthe turfes together. And ſo if the face be of 
platt-worke,that is of carthbeaten with batts, you may 
ſow it with ſuch graſle and hearbesasare aptto ſpread 
and cover the face of the worke, and moyſten the carth 
in platting it, cthatit may grow thebetter, The Para. 
pet being raiſed uponthe Rampire almoſt toits full 
height, you may then make your Palizado if you make 
any, &c, 


— 


Of Irregular Fortification, 


 F Irregular Fortifications there might bee 
propoſed, almoſt an infinitenumber of dif- 
ferent examples. Butin generall you onght 


FIERY 
BO) 
SS=& to obſerve ſo neereas may be, the Axiomes 

ſet downe in the ſecond Chapter, and the 
examples we have given in regular Forts. And firſt the 
figure propoſedto be fortified being irregular, reduce 


it to as much regularity as the place will admit, taking 
V 
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ia and leaving.cut here ard there alutle, to make ſome 
-neerc <qualiry otthe ſides and arglcs. Then if any an- 
gle of your figure be Ie ſſethan go, degrees, youate not 
to ſera bulwor: e on that angle, but rather to make that 
angle, to bethe Ranked angle of a bulworke, dimini- 
flung it fomewhat if occaſion require. And for the 0- 
ther angles of your irregular figure, you areto fit bul- 
workes ſo, as-the flanked an Fe of the bulworke may 
be artiwerable to the angle of the F oligon whereonit 


ſtands, according to cither of thetwo rules before gi- 


(147) 
yen Chap, 4- That isfirft, unts halfethe angle of the 
poligon figure, adde 1 5, deg. the ſumme is theganked 
angle of the bulworke: Or otherwiſe take two third 
parrs of the angleefthe poligon, for the flanked angle 
of the bulworke to be thereon placed Yct is 3 of that 
angle to be more than 96. d. but it may ſuffice to make 
theangle ofthe bulworke onely 90. d. Take this exam» 
ple which I have here ſet downe almoſt in theſame 
manner asis done by $4, Marolos in his booke of Forti- 
fication, | 

Let 48 C DE. beanirregular pentagon to be forti- 
fied with ſuch bulworkes as may be ſutcable tothe an- 
glcs of the figure. Firſt then the fides and anglesthere- 
ofareto be meaſured, which admit we finde to beas 
followeth. 


rods, feet. deg. 
4B, — 658, O 4. A——7. 
BC, —<—* 60, —— OC | — 136. 
{{D, ——— 55, ——= 02s C =— II 
D E, —— 67. O2. D mn ——9g7. 


And ſeeing the angle at C2. is leſſe than 90. deg. it 
is not fit to place a bulwori.c thereon, becauſe the flan- 
ked angle of that bulworke would be lefſe than 60.deg. 
and the angle flanking greaterthan 150. deg. contrary 
totheg. and 11. Axiomes of the 2. (hap, therefore wee 
make thatangle 4. to be the flanked angle of a bul- 
worke, and the angle of the poligon to be F. fs as the 
right lines F G. and F 1. interſeR the lines 8C. and C E, 
"11 S--i in 
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inthe points G, and /. vpon which angles, ard .accor- 
ding tethe proportion of the fides we deſcribe the bul- 
workes, alwaycs obſerving that the angleot the poli- 
gon ſheweth of what kinde the bulworke thereon ſet 
muſt be, whether of a Pentagon ſquare or Hexagon: 
Pem—_—_ he parts of the bulworke, according 
tothe leſſer of thetwo fides, and ſo willthat figure be 
fortified as here appeareth. And becauſe the fide D F, 
being drawne forth to 7. is longer thenthe rules and 
proportions before ſet downe in regular figures will ad» 


(149) 
mit gf,it will be neceſſary betweene the two bulworkes 
D. and E. to make aRavelin, as here appeareth; ſuch 
that the fronts thereof may be ſcowred and: deten- 
ded from the flankes and fronts of thoſe two bul- 
workes, and ſo that angle will be more orlefle, accor- 
ding tothe length or ſhortneſſe of the cutraine, andthe 
fronts of this Ravclin may be either of them 22. or 24. 
rods, or ſomething more or lefle, as the place and ſci- 
tuation ſhall require. And for your better underſtanding 
of mine intention, inthe fortification of places irregular 
ſuch whoſe angles arc not lefſe than'go. deg. whichis 
theangle ofa ſquare, and their fides not much different 
from thoſe of regular figures; you may doe thus. 

Let irberequiredro Fortifie the angle C. being an 
angle of 111, deg. which is neerc unto the angle ofa 
BA on, According to which take the ſhorteſtof the 
Neo ſides, BC. and ED. which is here CD. contai- 
ning 55. rods, or 5 52. feete, ſearching alſo inthe fote. 
going Table of the demenfions of regular Fortificati- 
ons, for the demienfions appertaining to a Pentagon, 
and then ſay by the rule of proportion 
A's the ſide of a Pentagon being 66.36. 6,17810, 
hath to the front of the bulworke — 28. 00. 3,44716. 

ſo the ſide of a Pentagon being — $55.02. 3,74052. 


may have the front —— —— 23. 30. 3,365 78.- 


And thus we findethe front for fſucha bulworketobe 
23. rods, 2. feete, and two tenths of a toote,-ſo -ac- 
cording to this example you may in like manner finde -- 
by therule of proportion, the flanke and Gorge-line, 


and ſoallthe lincsand angles in this bylworke C, as 
V 3 alſo 


Cn 
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-alfo. the other parts of this whole Fort, Holdi 


italwayes for acertaine rulethat the angles of aPoli- 
gon to be fortified muſt bet the leaſt right angles,and 
if there beany angle leſſe than aright angle, you may 
make that the fl inked angle of a bulwore, inlarging or 
leſſening it ſomewhat, it occaſtonrequire, till it become 
acom -»etent angle for ſuch a bulworke, And ifthe fides 
of the poligon propoſed, doe exceede the ſides of the 
inward Poligons, ſpecified in the foreſayd Tables, we 
may make them as ſides of che outward Poligons, and 
trace out the Fort within them, and that accordi 
tothe ſpecies of every ſeverall angle FGCD 7, and ſo 
ſhall the figure propoſed be fortified, 

It yondeſire more examples touching the Fortificat?- 
on of places irregular, you may peruſe Sam. Maroloy 


» hisbooke of Fortification, thus much at preſent 'miy 


ſuffice. 
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Pee 3. line 24. for Coverat reade Covert. p. 11.1. 3. for C. 

r.D.l. 17, r. 6,041 8$2g0, p. 29.1. 5.r. 7+7154t.p. 36: 
| L 10, forRr, O. p. 44. |. 15+» for C. r. H. p. 67. 1. 4. for ; 
NONr,NOW.p. 95.1. 4.r. face, p.too.l. 2, for n.r D, £] 
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